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Preface 


rills  publicaiion  on  hotly  coniposiiion  anti  physical  pcrtormancc  is  an¬ 
other  ti'om  a  series  ot  'Aitrksluips  that  hate  been  spttnsoreti  by  the  Commit¬ 
tee  I'll  Military  Nutrititni  Research  l(.■M^R.  the  Ctimmitteei  tit' the  hooti  anti 
Nutrition  Bmirtl.  Institute  th  Metitcine,  Natitinal  Acatietny  of  Scietices.  Other 
workshops  or  mini-symposia  hate  inciutied  such  ttijiics  as  nutritimi  anti 
physit  iil  pertormance,  coemtite  testine  methotitilogy .  ;ir  1  tluiti  replacement 
and  hetit  stress.  I'hese  tvtirksiiops  are  a  part  ol'  the  response  the  CMNK 
pun  hies  to  the  Assistant  Surgetin  Oenera!  tit  the  C.S.  .Army  iL'.S.  Artiit 
Metiical  Research  anti  [)eveltipment  Command,  i  retierit  k.  Mart  land  i  to  is¬ 
sues  that  arc  brought  tti  the  Committee  through  the  Milittirt  Nutrition  Oit  i- 
Sion  til  the  C.S  Army  Insiitiiie  oi  iau  irtinmenial  Medicine  (I  S.ARlFMi  at 
Natick,  Massachusetts. 


K)(  I  S  OF  THK  RKI’OK  l 

Hie  relationship  ot  htitly  composititin  to  pertormance  ot  physical  tasks 
IS  tit  ma|tir  interest  to  lite  military  Ntii  only  is  it  important  in  the  decisions 
ot  acceptance  or  rejection  of  recruits  Tor  military  sere  ice.  hut  it  alsti  has 
signiticanl  impiictilmns  for  the  indivitlual  relating  to  retention  ant!  ;itl\ance 
meni  wliile  in  the  services.  There  are  linancial  implicatitins  as  \sell  tor  the 
military  services,  due  tti  the  high  ctist  ol  training  replacements  when  indi- 
vitluals  are  discharged  tor  failure  to  meet  the  established  standariis.  Ihe 
discharge  ot  highly  trained  and  experienced  specialists  litis  signiticanl  ailili- 
tional  implications  concerning  unit  readiness  and  pertormance. 

the  ap(ilication  ol  body  composition  standards  in  the  military  tin  a 
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raiiotiiil  and  ecjiiilable  basis  based  on  eihnieily.  rentier,  and  aee  is  tlierclore 
an  important  issue.  .X  perspective  on  the  current  outcome  ot  the  applica¬ 
tions  ot  height,  weight,  and  body  composition  standards  for  entrance  or 
retention  in  the  military  services  was  succinetly  stated  by  James  A.  Vogel, 
[Jirector,  Occupational  Health  and  Perlormance,  U.SAKiliM,  in  his  intro 
ductory  remarks  to  the  workshop,  which  was  held  F-'ebruary  6,  Id90  at  the 
.National  .Academy  of'  .Sciences,  Washington,  D.C. 

t'vcry  tlay  poleniial  new  .Arinv  recruits  arc  turn' d  away  at  the  recruiter's 
door  tor  the  reason  ot  inerweighl  or  overlalness  Ironically,  ihey  otien  go 
ne\l  door  to  ihe  Navy  or  Air  |•oree  reeruiler  where  lliey  are  accepted.  I  am 
reterririg  lo  young  women  wlio  arc  unahle  lo  meet  Ihe  .Arniv's  entry  sian- 
dard  tor  hoilv  weigtil 

■All  ouisider  miglit  assume  that  tlie  services  have  weigtu  lal  siamlards  to 
ensure  ili.il  personnel  c.in  meet  tlie  plivsieal  demands  ol  mililary  service, 
that  1',  dial  itiey  are  perlormance  ilriveii.  Tliis  may  onlv  be  partially  Iriie, 

In  the  Armv.  ,ii  leasi.  it  is  apparent  lliai  an  imporl.mi  factor  m  die  Army  's 
fal  standards  is  appearance  The  .Navy,  on  die  other  hand,  lias  esiahl.stied 
liealdi  cnlerni  as  imporlanl  tor  its  hovly  lal  standards.  Are  .ippearance  and 
hetildi  criteria  compatible  with  physical  perlormance  eniena,’  These  vpies 
turns  lead  us  to  our  goals  tor  this  w.  rkshop: 

I  Wh.ii  IS  die  relationship  between  body  composilion  tiiul  physic.il  per 
tormaiice  m  terms  ol  ttie  mililary's  needs'.’ 

d.  Can  die  service's  needs  in  perlormance,  appearance,  and  health  he 
blendeti  logedier  m  a  body  eomposilion  slandariT.’ 

V  When  the  services  .dre.idy  have  |ienormanee  standards  ivanoiis  litness 
.ind  occupaiional  lestsi.  do  we  .dso  need  a  body  composition  standard  ’ 

I  tiose  of  us  vvittiin  the  services  who  are  de.ilmg  vvitti  weight  and  lal 
standard'  need  to  revisit  tins  issue  -  at  a  llieorelieat  and  mectumist ic  level. 

,il  a  pr.iclic;il  or  |ob  task  level,  and  at  a  population  and  policy  level. 

We  cannot  look  al  this  bodv  compositum  issue  m  isoiaiion.  So  in  ad¬ 
dressing  our  goals,  we  must  consider  Iliem  in  tlie  mililarv  conievt  where 
other  l.ic  lors  come  into  plav . 

Idle  proceeiliiigs  ot  tins  workshop  are  |niblished  here  lo  provule  ai  ;i 
review  of  eurreril  knowledge  on  the  relationship  ol  body  composition  ui 
physical  perrorniance.  b)  ;i  ciisciission  ol  the  application  of  this  dtita  base  lo 
accession  and  retention  standards  in  the  military  services.  ;md  c)  tin  evalua 
non  and  recommendations  for  consideration  by  the  military  in  relating  body 
composition  to  physical  performance.  While  the  Committee  on  Military 
Nutrition  Resetirch  recognizes  tlial  body  composilion.  physical  perlormance. 
and  health  status  tire  closely  linked  to  the  anunints  and  types  of  fotuls 
mgestevl.  a  comprehensive  discussion  of  nutrition  as  reltiteil  to  bodv  v  om 
position  and  performance  was  deemed  to  he  beyond  the  scope  td  this 
vviirkshop  The  CMNR  has  limileil  the  report  to  a  review  of  the  scientific 
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c\idctKc  ix'latini:  physical  pertorniancc  to  hotly  weight  and  coinposition.  It 
IS  anticipated  that  this  information  will  aide  the  military  in  establishing 
hods  composition  standards  that  are  more  appropriate  to  the  task  perlor- 
inance  requirements  ot  mi!it<i;y  personnel.  In  atidition.  the  information 
from  this  workshop  may  be  of  more  general  interest  to  those  civilians 
ctincerned  with  establishing  physical  testing  criteria  for  jobs  requiring 
minimum  physical  performance  standards. 


HISTORY  OF  THK  COVIMITTKK 

I  he  Committee  on  Military  Nutrition  Research  (CMNR)  was  estab¬ 
lished  111  October.  082  when  the  .Assistant  Surgeon  Oenera)  of  the  I  S. 
.Army  rcr|uested  the  [-'ood  and  Nutrition  Board  (l-'NB),  National  .Academy  ot 
Sciences,  to  establish  a  committee  to  advise  on  the  need  for  and  conduct  of 
nutrition  research  an  !  related  issues  for  the  C.S.  Department  of  Defense, 
d  he  overall  tasks  of  the  Committee  are 

•  to  identify  nutritiotial  fa-tors  that  may  critically  influence  tile  physi¬ 
cal  and  mental  pcrf(>rnumce  of  military  personnel  under  ;dl  eiu  ironmenlal 
evtremes. 

•  to  identify  ricficiencies  in  e.xisting  ilatahase. 

•  to  recoinmeiul  research  that  would  remedy  these  tici iciencies. 

•  to  recoimnetul  approacties  for  study itig  the  relatioiivliip  ot  die'  to 
physiciil  atid  mental  pcriormance.  and 

•  to  review  and  arlvisc  on  standards  for  military  teedmg  s\ stems. 

Within  this  contest  the  CMNR  was  askerl  to  focus  on  nutrient  require¬ 
ments  for  pertoriiu'iice  ilurmg  combat  missions  rather  than  requirements  tor 
military  personnel  in  garrison,  because  the  latter  were  ludged  not  to  ditfer 
signi  I  leant  ly  troiii  those  of  the  civilian  popula'ion. 

Although  the  Committee  memtvership  has  changed  periodicallv .  tlie  dis¬ 
ciplines  rcpresenle(.l  have  consistently  included  human  nutrition,  nutritional 
biochemistry ,  performance  physiology,  food  science,  and  psychology.  When 
Issues  have  i  een  presenteil  to  the  CMNR  bv  the  Army  that  require  broader 
expertise  than  what  ■xisis  within  the  Committee,  or  for  which  the  Committee 
would  like  additional  intormation  or  opinions,  workshops  have  been  con¬ 
vened,  1  hese  workshops  provide  .idditional  state-of-the  art  scientdic  intorma 
tion  tor  the  Committee  to  consiilcr  m  their  evaluation  ot  ;!x  issues  at  hand. 


<  OMMIT  I  KK  I  A.SK  AM)  l*K()(  KDl  RKS 

In  personnel  trom  I  .S.ARlIi.M  raised  the  question  wni,  the  CMNR 

ot  ihc  relationship  ot  boriv  composition  to  phvsical  pertorniance.  Ot  partic 
iil.n  interest  was  itic  .ijiplic.'.ioii  o!  then  current  heighi  weight  standards  m 
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ret TuiimL'nt  unci  retention  of  niiiilary  personnel  to  the  perfornianee  of  mill 
tary  tasks.  Although  the  tasks  of  military  personnel  art  mereasinjrly  di¬ 
verse,  the  Army  contends  thui  all  individuals  need  to  maintain  a  certain 
level  of  physical  fitness  to  preserve  the  combat  readiness  of  the  services  if, 
ecneral.  However,  with  the  mcieasing  diversity  of  military  personnel  in 
terms  of  gender,  ethnicity,  and  age,  there  was  a  concern  whether  cur’cnt 
standards  were  appropriate  and  were  uniformly  applied  in  recruitment  and 
retentioti.  The  applicability  of  these  standards  to  the  mission  recjuircments 
of  the  serv  ices  w;is  also  tjuestioned.  The  CMNR  reviewed  these  issues  and 
concluded,  that  a  workshop  was  needed  to  review  the  literature,  provide 
addition.il  information  on  milit:irv  standards,  provide  the  most  cu''''ent  re- 
se.ircli  findings  from  within  the  .Army  related  to  this  issue,  and  hear  inter- 
|ireiation  of  this  issue  Irom  experts  m  related  fields 

■A  small  plannine  group  was  given  the  task  of  identifying  the  pertinent 
topics  anti  the  p;’''tici|>.mts.  i  bis  task  force,  comprised  ot  Col.  li.  Wayne 
.\skew  anti  .dimes  A.  Vogel  of  I  .S.AkIHM  and  CMNR  members  Rd  Htirlt'n, 
Richard  Atkmstm,  Robert  O.  Ncsheim,  and  TNB  Staf  f  Officer  Sus.in  Berkt  . . 
met  at  I  S  ARIFtM  in  the  fall  .d  IdSd  to  plan  the  vvtirkslio|i.  The  wtirkshop 
outline  and  p.iriicip.mts  were  reviewed  by  the  f'MNR  at  its  December  IMSd 
meeting.  ;md  the  worksln>[i  w.is  heki  fTbruary  (i.  IddO,  at  tlie  N.ition.d 
Acatiemy  of  Sciences  m  W.ishmgton,  D.C. 

flic  invitetl  spcMker-.  were  ch  'sen  for  their  specific  expertise  in  the  areas 
tif  fu'dv  comptisitit'ii.  perfoimance.  anti  obesity.  They  v.cre  asked  to  provide 
m-depth  reviews  of  their  area  of  expertise  as  it  directly  applied  tti  a  senes  t'l' 
questions  preparetl  by  the  CMNR  and  make  recttmmendaliotis  tm  the  issues. 
Speakers  subsequently  submitted  written  versions  of  their  jiresentat.on  s. 

The  wtirkshop  format  was  a  tormel  presentation  by  a  spe.iker  followeti 
hy  questitins  and  a  brief  discussion  with  Committee  members  anil  other 
participants.  At  the  enti  of  the  piesentations.  a  general  tliscussion  of  the 
overall  issues  was  held.  The  next  day,  the  CMNR  met  m  executive  session 
to  review  the  various  issu  draw  some  tentative  conclusions,  and  make 
.issignrnent..  tor  draft  reviews  and  summaries  of  specific  tiiplcs  by  various 
C'lmmittee  members.  .An  initial  summary  paper  discussing  some  of  the 
issues  was  prepared  by  one  ot  the  Committee  members,  Jtiel  (irinker,  t  ' 
aitle  the  C.MNR  in  focusing  the  draft  recommendations  (.See  '  art  HI).  A 
siibcommioee  composetl  of  Joel  Cirinker,  Richard  .Atkinson,  and  Richartf 
Jansen  wtirked  separately  and  'ogether  using  the  authored  papers  anti  addi¬ 
tional  referent  '  material  to  draft  the  summary  and  recommendations  that 
were  reviewcii  al  approved  hy  the  CMNR. 

The  summary  and  recommemlations  of  the  CMNR  are  mcluiled  as  Tart 
I,  ,ind  the  paper  presented  at  the  workshop  are  included  as  Hart  II  of  tins 
bo'ik.  Part  I  h.is  been  reviewed  anonymously  by  an  outside  group  with 
expertise  in  the  topic  area  and  experience  m  military  issues.  The  authored 
papers  in  Part  M  and  Joed  A.  Cirinker's  paper  in  Part  III  have  undergone 
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Imiiicci  t'diiorial  L'liangc.  have  not  been  reviewed  b\  the  outside  eroup.  and 
represent  the  \  lew  s  ot  the  individual  authors. 

AC  knoulkikjmknts 

.\s  ('oniniittee  shtiir  I  wish  to  aekninv  Icdee  the  assisttince  of  the  hNB 
stilt f:  Susaii  Herkow,  who  participated  in  plttnnin”  anil  oreani/ine  the  work¬ 
shop  prior  to  Iter  leavine  tlie  I  NB.  Al  l.a/en.  Ph.lO..  former  actine  director 
ot  the  f’NB  fktr  his  considerttble  contribution  ticlini;  as  sttifi  otficei  tlurine 
ilic  work>hop  and  in  tiic  interim  belore  Bernadette  Marriott  joineti  the  f-'NB 
as  proeram  c.tficer  for  the  CVINR.  Bcrniulctte's  strong  technical  tissisiance 
tind  o'-gam/aiioiuil  skills  luive  been  a  iiKijoi  factor  in  pulling  the  proceed¬ 
ings  together  tind  bringing  them  it)  [lublicaiion.  I  apprecitite  ilie  e\tensi\e 
vtork  ot  Joel  (irinker  m  preptiring  the  iliscus>ion  paper  that  locusetl  ('('in- 
miitec  tliscu'-'ion  on  es^entlal  areas  of  ct'ncern.  I  particuhirl)  want  to  tic- 
knowledge  the  maj()r  inputs  b_\  Richard  .-Mkirison  m  ilrtitting  ati  iniiitil  rc- 
\  lew  of  the  procectlings  and  Richard  Jansen  in  bringing  together  the  vtirioiis 
sections  pro)  ided  ft}  (  o.mmittee  members  into  a  consistent  formtit.  The 
(.'oinmitice  is  gratelfii  for  their  joint  eflV'it  in  drafting,  'eciewing.  tind  edit 
mg  the  sumniar).  conclu'.ion^.  tind  recommendations. 

/  tilso  wish  lo  acknowledge  on  behall  ot  the  ('ommiilce.  the  assistance  of 
lames  Vogel  ami  others  from  his  .ii\ision  tit  I  .S.ARllAI  and  Col,  Askew  tind 
ho  gioup  at  I  S.ARIIiM.  i  he  msighilui  comments  of  Col.  Da\id  SchntiKen- 
herg  duiing  itie  workshop  were  also  useful  to  the  Committee  in  summari/ing 
the  pri i.'cdme''.  Ma)or  Karl  le  I  riedl  was  ptirticula’l)  helplui  in  prosiding 
the  Conmiitiee  with  current  information  on  recent  changes  in  .\rm\  regula¬ 
tions,  File  )ritu|ucs  ot  tiic  revieweis.  Cathie  Woieki.  and  l-’NFf  CM\R  liaison, 
lohanna  F)w\er.  provulc'd  helplui  insight  to  the  development  ot  this  fiutil 
document.  Ilic  editoricd  citorts  ot  Judith  ( irum''lrup-Scoii  .tie  grtitefiilly  ac- 
knrw.  ieilgcd.  Fhe  (.'omimtlec  is  alsogralelul  to  Vicki  1.  ITiedl.  1  listv'i'v  Bibii 
o'Ttiph  T.  Mugm  !  ihrary.  Bo-aiui  Cniversitv.  for  her  resctiich  and  suggestioio 
abt  '  tctcrciKC  sivlcs  for  goveinment  documents.  Fhe  assistance  ot  Connie 
Rn  emoni.  F\B  research  assotanl.  and  Vtilerie  Breen.  CMNR  pro|eti  tosis 
itiiil.  in  word  processing,  ,'diiing.  tind  proofreading  this  repi'rt  is  g.rcaiK  appre 
mated. 

i  in.iilv.  I  wish  to  acknowledge  llte  mdividutil  and  collective  coninbu 
iioio  .it  the  Committee  members.  Fhev  represent  a  fine,  unselfish  evampic 
ot  bliss  prolessionals  volunteering  their  limited  lime  lor  the  consideration 
ot  isaies  important  to  our  national  detensc.  I  am  siimulaled  b\  the  evper 
Use  and  dedication  ot  this  group  tis  we  work  together  on  CMNR  business. 


ROBFRI  ()  \i;Slli;iM.  ciulintuin 

Commiltcc  on  Milittirv  Nutrition  Research  tCMNRi 
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PART  I 


Overview 


P  xKt  I  c'oNSiSTs  OF  TWO  <  HAi’TiiRs.  Chapter  I  provides  the  background  for 
the  report.  It  describes  the  task  as  presented  to  the  Committee  on  Mili¬ 
tary  Nutrition  Research  (CMNR)  by  the  Department  of  Defense  through  the 
V.S.  Army  Medical  Research  and  Development  Command.  Frederick.  Maryland 
and  its  Grant  Officer  Representative  from  the  Military  Nutrition  Division. 
L^S.  Army  Institute  for  Environmental  Medicine  (USARIEM).  In  develop¬ 
ing  the  plans  for  the  workshop  and  report,  a  task  force  of  the  CMNR. 
working  w  ith  their  military  liaison,  developed  a  specific  set  of  questions  on 
which  the  workshop  and  report  are  based.  These  questions  are  listed  in 
Chapter  1  together  with;  an  overview  of  the  relevant  areas  of  concern,  the 
operational  definitions  of  the  pertinent  terminology,  a  review  of  current 
military  standards  as  they  relate  to  accession  and  retention  of  personnel, 
and  a  summary  of  the  committee's  interpretation  of  the  current  scientific 
knowledge  in  these  areas.  Chapter  2  presents  the  committee's  findings  and 
conclusions.  Chapter  2  also  includes  specific  and  general  recommendations 
developed  by  the  CMNR  in  response  to  the  set  of  questions,  presented  in 
Chapter  1,  that  defined  their  task  as  a  committee. 


/ 


Introduction  and  Background 


THE  COMMITTEE’S  TASK 

The  Committee  on  Military  Nutrition  Research  (CMNR.  the  Commit¬ 
tee)  of  the  Food  and  Nutrition  Board  (FNB).  Institute  of  Medicine  (lOM). 
National  Academy  of  Sciences  (NAS),  was  asked  by  the  Department  of 
Defense  to  review  and  comment  on  the  current  physical  criteria  for  recruit¬ 
ment  and  retention  of  personnel  in  the  various  military  services.  These 
criteria  are  largely  based  on  direct  measurement  of  height  and  weight,  on 
indirect  assessment  of  body  composition,  and  on  the  subjective  criteria  of  a 
trim  military  appearance.  With  the  advent  of  a  more  diverse  military  popu¬ 
lation  in  terms  of  ethnic  origins  and  increasing  numbers  of  women,  there 
was  concern  about  the  applicability  of  the  existing  standards  to  the  diverse 
pool  of  volunteers. 

The  seven  principal  questions  the  CMNR  was  asked  to  address  were: 

1.  Can  or  should  physical  performance  assessments  be  used  as  criteria 
for  establishing  body  composition  standards  in  the  services? 

2.  What  is  the  relationship  between  body  composition  and  performance? 

3.  The  services  currently  use  a  maximal  body  fat  standard.  Should  they 
also  establish  a  minimum  fat-free  or  lean  body  mass  standard? 

4.  What  factors  should  be  considered  in  setting  body  composition  stan- 
dards’ 

5.  Are  performance  and  body  composition  standards  redundant? 

6.  If  performance  criteria  exist,  are  weight-fat  standards  needed? 

7.  How  does  one  rationalize  the  different  uses  of  body  composition  for 
performance,  appearance,  and  health? 


4 


BODY  COMPOSITION  AND  PHYSIC \l.  Ph.KTORMANi  i. 


To  assist  the  CMNR  in  responding  to  these  questions,  a  workshop  was 
convened  on  February  6-7,  1990,  that  included  presentations  from  individu¬ 
als  familiar  with  or  having  expertise  in  current  military  recruitment  and 
retention  criteria,  military  task  performance,  body  composition  and  physical 
performance,  racial  or  ethnic  differences  in  body  composition,  and  gender 
differences  in  body  composition  and  physical  performance.  The  invited 
speakers  discussed  their  presentations  with  Committee  members  at  the  work 
shop  and  submitted  written  reports.  The  Committee  met  after  the  workshop 
to  discuss  the  issues  raised  and  informatirin  provided.  Committee  members 
later  reviewed  the  workshop  presentations  and  drew  on  their  own  expertise 
and  the  scientific  literature  to  develop  the  following  summary,  conclusions, 
and  recommendations. 


Cl  RRENT  PHY.SICAL  .STANDARDS  FOR  ACCE.SSION  AND 
RETENTION  IN  THE  MIL!TARY 

The  rationale  for  physical  standards  for  accession  and  retention  in  the 
military,  according  to  Army  regulation  (AR)  600-9  is  '.  .  .  to  insure  that 
all  personnel  are  able  to  meet  the  physical  demands  of  their  duties  under 
combat  conditions  and  present  a  trim  military  appearance  at  all  times”  (AR 
600-9.  19X6).  Current  physical  standards  place  upper  limits  on  body  fat  as 
assessed  from  anthropometric  measurements,  including  height,  weight,  skinfold 
thicknesses,  body  diameter  measurements,  and  body  circumterence  mea¬ 
surements.  Body  composition  in  terms  of  body  fat  mass  (BFM)  and  lean 
body  mass  (LBM)  is  calculated  from  these  measurements.  Anthropometric 
measurements  are  used  because  they  arc  inexpensive  to  obtain,  relatisely 
easily  learned,  and  adaptable  to  field  conditions. 


Accession  Standards 

For  accession,  personnel  arc  initially  .screened  by  height  and  weight. 
Standard  tables  have  been  developed  for  ease  of  use  by  field  commanders 
and  recruitment  staff  to  identify  personnel  who  fall  outside  a' vepiable  val¬ 
ues  of  weighl-for-height.  1  hesc  standards  differ  among  the  military  services, 
based  on  the  perceived  needs  of  each  service,  and  are  included  in  Appendix 
A,  If  an  individual  is  identified  as  not  meeting  acceptable  standards  of 
wcight-for-height,  an  assessment  of  body  composition  by  anthropometric 
techniques  is  performed.  The  formulas  used  for  determining  body  composi¬ 
tion  also  differ  among  the  services  (Appendix  A).  The  .Army  uses  a  combi 
nation  of  height,  weight,  and  circumferences  of  neck  and  waist  in  men  and 
of  height,  weight,  and  circumferences  of  neck,  forearm,  wrist,  and  hips  in 
women  to  calculate  percent  body  fat.  The  rationale  for  these  particulai 
measurements  is  based  on  studies  done  at  the  U.S.  Army  Institute  tor  Envi- 
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ronniontal  Medicine  (USARIEM)  on  1,126  men  and  266  women  (Vogel  et 
al.,  198H).  The  Navy  uses  height,  weight,  and  circumt'erences  of  neck  and 
waist  for  men  (Hodgdon  and  Beckett,  1984a).  and  height,  weight  and  cir¬ 
cumferences  of  neck,  waist,  and  hips  in  women  (Hodgdon  and  Beckett. 
1984b).  The  Marines  use  measurements  of  height,  weight,  and  neck  cir- 
cumterence  for  men  (Wright  et  al.,  1981)  and  measurements  of  height, 
weight,  flexed  biceps,  forearm,  neck,  waist,  and  thigh  circumferences  for 
women  (Wright  et  al..  1980).  The  Air  Force  uses  height,  weight,  and  biceps 
measurements  for  men  (Fuchs  et  al..  1978)  and  height,  weight,  and  forearm 
measurements  for  women  (Brennan,  1974). 

Retention  .Standards 

For  retention,  military  personnel  are  evaluated  on  a  regularly  scheduled 
basis  for  height,  weight,  and/or  body  circumference  and  are  required  to 
perform  a  test  of  aerobic  fitness  (Appendix  B).  For  the  Army  and  Navy,  the 
weight-height  and  body  fatness  standards  for  admission  allow  a  greater 
degree  of  overweight  than  do  the  standards  for  retention.  The  rationale  for 
(his  policy  IS  that  high  levels  of  physical  activity  during  basic  training  result 
111  a  loss  of  body  fat  and  a  gain  in  I  BM  in  the  overfat  indiv  uluals.  Thus 
military  recruits  can  be  accepted  that  exhibit  higher  body  weight  lor  (heir 
height  than  will  subsequently  be  permitted  by  retention  siatul.irds.  For  the 
I  S.  .All  Force  and  recently  the  I'.S.  Marine  Corps'  retention  standards  are 
also  useil  tor  accession. 


PROC  KDl  RKS  I'SKI)  BY  THK  MILITARY  SERVK’K.S 
FOR  FAII.l  RE  TO  MEET  PHYSIC  AL  OR 
PERFORMANCE  STANDARDS 

It  is  generally  accepted  that  body  weight  20  percent  above  the  population 
standard  of  height  for  weight  is  obesity.  Although  the  military  services  differ 
in  their  acceptable  standards,  all  services  have  clearly  stated  weight  control 
.iiul  physical  fitness  programs  that  are  detailed  in  their  retention  standards 
(Appendix  B)  Typically,  when  individuals  fail  to  meet  the  w'eight/height 
standard  at  the  regularly  scheduled  evaluation,  they  are  further  assessed  for 
body  fat  using  anthropometric  measurements.  On  the  basis  of  these  measure¬ 
ments  and  medical  review,  they  are  assigned  to  a  program  of  diet  and  exer¬ 
cise  for  a  specific  time  period  that  varies  with  each  service.  At  set  time  inter- 


' t  Itvctivt.-  June  1.  I'WZ  the  I  S  Marine  Corpe  bepan  using  the  tieigtil,  weigtil,  anil  boilv  fai 
rclenlinn  slandanls  (Marine  Corps  Order  MOO.lOA  willi  C'tianpe  t)  tor  holti  retention  and 
aeiession  ot  personnel 
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vals.  the  individual's  progress  is  reviewed,  and  the  weight  control  program  is 
evaluated.  For  all  services,  there  is  a  specific  total  time  limit  established  for 
an  individual  to  meet  the  requirement  prior  to  final  evaluation  for  separation. 
Individuals  who  do  not  lose  sufficient  weight  or  body  fat  are  discharged  from 
the  service.  Physical  performance  standards  follow  a  similar  procedure. 

However,  also  of  concern  here  is  that  individuals  who  do  lose  weight 
and  meet  the  service  retention  standards  are  at  high  risk  to  regain  this 
weight  with  advancing  age.  Numerous  studies  have  documented  an  in¬ 
crease  in  body  weight  and  percent  body  fat  with  increasing  age  (Borkan  et 
al.,  1983;  Bray.  197fi).  There  is  also  evidence  that  excessive  body  fat  is  not 
necessarily  a  lack  of  personal  discipline  as  stated  in  AR  600-9  (1986) 
but  a  chronic  disease  of  complex  and  multifactorial  origins  (Bray.  1976, 
1978,  1989).  A  genetic  component  is  involved  (Bouchard  et  al.,  1990; 
Stunkard  et  al..  1990),  and  some  investigators  (Keesey.  1980)  believe  there 
is  a  level  of  body  weight  that  is  defended  from  change  under  equilib¬ 
rium  conditions.  According  to  this  hypothesis,  when  individuals  attempt  to 
lose  weight  below  a  set  level,  body  defense  mechanisms  come  into  play  that 
limit  the  amount  of  weight  lost  unless  there  arc  major  changes  in  lifestyle, 
eating,  and  exercise  (Keesey.  1980;  Keys  et  al..  19.30).  Studies  in  humans 
have  shown  that  there  is  frequently  minimal  or  no  relationship  between 
food  intake  and  body  fatness  lor  individual  people  (Thomas  et  al..  1961). 

METHOD.S  FOR  ASSF.SSINC;  BODY  ('OMPOSITION 
Definition  of  Terms 

Because  a  number  of  recent  articles  have  reviewed  methods  for  assessing 
human  body  composition  (Buskirk.  1987;  Heymsfield  and  Waki.  1991;  l.ukas- 
ki.  1987;  Smalley  et  al.,  1990).  a  detailed  review  of  methodology  will  not  be 
presented  here.  This  section  will  begin  with  a  brief  review  of  the  operational 
definitions  used  in  this  report,  followed  by  an  overview  of  methods  for  assess¬ 
ing  body  composition  as  directly  applied  to  the  military  services. 

Body  composition,  in  the  context  of  these  proceedings,  refers  to  the  rela¬ 
tive  proportion  of  lean  body  mass  (LBM)  and  body  fat  mass  (BFM)  within 
the  body.  LBM  can  further  be  subdivided  into  muscle  mass,  body  water, 
and  bone  mass.  These  two  approaches  arc  commonly  referred  to  as  a  two- 
compartment  model  (LBM  and  BFM)  or  a  four-compartment  model  (Bl-M. 
muscle  mass,  body  water  and  bone  mass)  for  assessing  body  composition. 
Because  the  mam  concern  of  the  military  is  LBM  and  BFM  as  related  to 
performance,  the  two-compartment  model  is  generally  used  by  the  services. 
However  failure  to  account  for  differences  in  bone  density  can  lead  to  sy  stem 
atic  errors  in  measurements,  so  the  two-compartment  model  must  be  used 
with  caution  when  applied  to  an  individual.  Fat-free  mass  (F'FM)  refers  to 
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the  portion  ot  the  body  remaining  after  all  fatty  substances  are  extracted. 
F-or  the  purposes  of  this  report.  FFM  will  be  used  interchangeably  with  LBM. 

Anthropometric  Measurements 

The  most  commonly  used  anthropometric  as.sessments  are  height,  weight, 
skinfold  thicknesses,  body  diameter,  and  body  circumference  measurements. 
Numerous  previous  studies  in  the  literature  have  used  combinations  of  an¬ 
thropometric  measurements  to  estimate  body  fat.  It  is  well  recognized  that 
there  are  problems  with  this  approach.  A  major  criticism  of  the  use  of 
anthropometric  ilata  to  calculate  body  fat  is  that  the  formulas  are  based  on 
population  data,  and  when  such  formulas  are  used  to  calculate  body  fat  of 
an  individual,  a  significant  error  may  result  (Lukaski.  1987).  In  other  words, 
the  formula  may  have  a  small  error  when  predicting  body  fat  for  a  pop¬ 
ulation  hut  a  greater  error  for  predicting  body  fat  for  a  given  individual. 

.Another  problem  w  ith  anthropometric  measures  is  observer  error.  Hodgdon 
((’hapicr  4)  discussed  the  difficulty  of  training  military  personnel  to  accu¬ 
rately  measure  skinfolds  and  body  circumferences.  After  performing  l.‘S() 
trial  skintold  measuremeiits.  only  24  percent  of  personnel  were  proficient. 
However.  68  percent  ol  trainees  had  reached  proficiency  after  only  4.S  mea¬ 
surements  of  body  circtimferences.  In  cross-validation  studies,  the  standard 
errors  for  the  formulas  used  by  the  different  services  ranged  from  .T6.^  percent 
to  5.\1  percent.  Thus,  based  alone  on  errors  in  measurement  and  inherent 
individual  differences,  these  data  indicate  that  it  would  be  possible  to  inap¬ 
propriately  target  an  individual  for  separation  or  to  reject  a  new  recruit.  Due 
to  these  concerns,  the  military  should  consider  the  importance  of  validation 
of  their  measurements  through  multiple  observations  on  each  individual. 

When  measurements  of  height  and  weight  arc  combined  with  measure¬ 
ments  ot  waist  and  hip  circumferences,  a  better  assessment  of  long-term 
health  risk  may  he  obtained.  Increasing  evidence  suggests  that  the  deposi¬ 
tion  of  fat  in  the  abdominal  aiea.  particularly  in  the  intraabdominal  depots. 
IS  associated  with  a  variety  of  diseases  including  hypertension,  diabetes 
mellitus,  hyperlipoproteinemias,  and  increased  cardiovascular  risk  (NIH. 
1989).  Using  these  measurements  to  screen  recruits  at  accession  may  help 
select  individuals  with  lower  long-term  risk  for  health  problems.  Using 
them  in  older  military  personnel  also  may  identify  individuals,  with  or  with¬ 
out  obesity,  who  are  at  increased  health  risk,  and  who  should  receive  spe¬ 
cial  attention  for  weight  or  body  fat  reduction. 

Densitometry 

Densitometry  has  generally  been  considered  the  standard  against  which 
all  other  techniques  for  measuring  body  composition  are  compared.  Mow- 
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ever,  the  tornuilas  on  which  this  method  is  based  were  calculated  originally 
from  carcass  analysis  ot  only  seven  individuals  (Brozek  et  al..  196.^;  Forbes 
et  al..  I9,'s3;  Siri,  I9,s6).  In  this  procedure,  which  assumes  the  two  compart¬ 
ments  ol  l.BVl  and  BFM,  the  density  or  specific  gravity  of  the  body  is 
measured  by  weighing  the  body  in  air  and  under  water,  with  correction 
made  for  residual  air  in  the  lungs  (Behnkc  et  al..  1942;  Keys  and  Bro/ek. 
19.'S3).  The  relative  proportion  of  the  two  compartments  is  calculated,  with 
assumptions  made  about  the  density  of  the  two  compartments.  The  ilensity 
of  the  body  fat  is  assumed  to  be  constant.  .Although  interstitial  muscle  fat 
has  a  slightly  higher  ilensity  than  depot  fat,  this  assumption  does  not  usually 
lead  to  a  significant  error.  Much  more  of  a  problem  is  the  assumption  of  a 
detisity  for  l.HM.  because  it  can  be  quite  variable  depending  on  age.  race, 
phcsical  activity,  gender,  anil  jiossibly  other  variables,  such  as  bone  mass. 

I  nderwater  weighing  has  also  not  been  well  standardized.  For  e.xam 
pie,  the  influence  of  age.  geniler,  race,  and  ethnic  group  has  not  been  evalu¬ 
ated.  The  relattvely  greater  lean  mass,  particularly  bone  mass,  that  is  present 
in  many  Blacks  lurther  adds  to  the  inaccuracy  of  the  fortiiulas  for  this 
population.  The  Committee  recognizes  that  underwater  weighing  could  even¬ 
tually  be  improved  if  the  tvvo-civmpartmcnt  model  m  presetii  use  applied  den- 
sttic's  for  lean  biuly  mass  that  are  specific  for  age.  gender,  and  ethnicity 

As  with  the  calcitUitioti  ot  body  composition  frotn  anthropometric  data, 
underwater  weighing  measurements  may  have  significant  error.  Tiie  tech- 
ntque  requires  special  equipment  and  highly  specialized  training,  which 
limit  Its  Use  to  speiialized  facilities,  [ixpensive  equipment  and  the  time 
required  to  tram  teclinical  staff,  coupled  with  the  fairly  long  lime  it  lakes  to 
do  a  measurement  of  ,i  single  individual,  precludes  this  technique  Ironi 
being  useful  tor  accession  I'r  rcleniioii  screening  ol  imiiiarv  personnel. 

Bioelectric  Impedance  .Analysis 

The  principle  on  vvhich  bioelectric  im|K‘ilance  analysis  (BI.Ai  is  b.iscd  is 
that  lean  tissue  conducts  electricity  belter  than  does  tat  tissue,  F.Icctrodes 
are  placed  on  the  arms  and  legs,  and  a  low-level  current  is  run  Ihrougli  the 
iiid'v  iiiiial.  Impedance  resistance  to  the  flow  ol  electricity  -  is  measureil, 
and  the  percent  hotly  fat  is  c.ilculated  by  a  formula  i.Segtil  et  til..  |9y;S), 
Fhis  technique  has  been  standardizeil  for  several  populations,  but  as  with 
the  techniques  mentioned  .ibove,  it  is  less  accurate  when  used  in  a  given 
iiiilividual  Some  training  is  required  to  tichieve  reasonable  reproducibility, 
ami  Ihete  is  significant  mterobserv  er  v  arialion.  Fhe  equipment  is  relativelv 
inexpensive  laboui  STOtlO  S.s.oooi.  and  thus  impedance  measurement  would 
he  feasible  as  a  technique  lor  screemiig  for  ticcessiori  or  reiention  of  per¬ 
sonnel.  Segal  el  til  (l‘>SSi  found  thtil  tlie  accuracy  of  this  method  is  not 
significantly  belter  titan  the  results  achieved  with  anthropometric  measure- 
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lucnis.  hut  Lukaski  ef  al.  ( 19X5),  and  Kiisliner  and  Sehoellcr  ( 19X6)  reported 
that  BIA  is  superior.  It  would  appear  that  BI.A.  particularly  with  the  most 
modern  equipment,  is  preferable  to  anthropometry.  However.  BIA  as  com- 
monl)  used  at  present,  does  not  give  any  information  on  regional  fat  distri¬ 
bution  which  may  be  of  military  interest  and  importance.  More  research  is 
needed  to  validate  this  techniijue. 


Options  Requiring  Major  Kquipment  or  Time 

■Several  techniques  described  in  the  literature  arc  more  accurate  than  the 
techniques  described  above,  but  the  expense  of  purchasing  costly  equipment 
or  the  time  required  to  perform  the  measurements  may  not  make  their  use 
feasible  by  the  military  services.  These  techniques  include  dual  photon 
absoiqitiometry.  neutron  activation,  whole  body  potassium  40  counting,  elec¬ 
tromagnetic  conductance,  and  body  water  measurement  by  radioactive  or 
stable  isotopes.  Advances  in  the  development  (>f  nudiicompartmcntal  chem¬ 
ical  approaches  to  the  determinatiitn  of  body  composition  in  humans  have 
recently  been  summari/ed  by  Heymsfield  and  Waki  (1991).  Most  of  these 
techniques  would  he  of  great  research  interest  for  validating  simple  mea¬ 
surements  that  can  be  used  on  a  large  scale  in  the  military,  but  they  are  less 
practical  lor  routine  use.  Of  these  methods,  only  dual  photon  absorptiometry 
has  poietilial  lor  routine  use  as  a  secondary  measure  of  body  ci'mposition  by 
the  military  (see  review  in  Chapter  10).  1  ike  many  new  techniques  additional 
validation  studies  are  needed.  This  equipment  also  requires  a  substantial 
tmancial  investment  and  specially  trained  personnel  to  operate. 


FA(  TORS  THAT  MAY  INFLI  KNCK  BODY  COMPOSITION 

Age 

Many  studies  have  documented  an  increase  in  body  weight  and  percent 
body  fat  with  increasing  age.  at  least  over  the  age  range  of  active  duty 
military  personnel  (Borkan  ct  al.,  I9X.C  Bray.  1976).  For  the  majority  of 
people.  I  BM  decreases  with  age  and  body  fat  increases  with  age.  even  if 
body  weight  does  not  change.  This  fact  is  rccogni/.ed  by  the  military's  age- 
adjusted  standards  for  body  weight,  body  fatness,  and  performance.  Alter¬ 
ations  in  body  composition  with  age  also  exacerbate  the  problem  of  dif¬ 
ferences  in  accession  versus  retention  standards  lor  excess  body  weight 
and  body  fatness.  The  rationale  for  the  difference  between  accession 
and  retention  standards  m  some  branches  of  the  military  appears  to  be 
related  to  high  levels  of  physical  activity  during  basic  training,  which  usual¬ 
ly  produce  losses  in  body  fat  and  gains  in  LBM.  Obese  individuals  who 
do  not  lose  sufficient  weight  or  body  fat  arc  discharged  from  the  service. 
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However,  indivduals  who  lose  weight  and  meet  the  service  retention 
standards  may  he  at  increased  risk  to  regain  this  weight  with  advancing 
age.  may  encounter  increasing  dilTiculty  in  achieving  the  hod>  fatness 
standards,  and  may  consume  more  resources  in  the  form  ol  weight  reduction 
programs  or  in  administrative  costs  for  separation  from  the  service. 

(>ender 

Women  have  a  higher  percentage  of  body  fat  than  do  men.  f'risancho 
(1484)  has  documented  the  gender-related  difference  in  body  composition 
based  on  data  from  the  National  Health  and  Nutrition  Examination  Survey 
(NH.ANESi  1  and  II.  For  individuals  25  to  54  years  old  of  average  frame, 
fiftieth  percentile  triceps  skinfold  thicknesses  ranged  from  I  1  to  15  mm  for 
men  and  14  to  .40  mm  for  women  depending  on  height  and  weight  The 
corresponding  ranges  for  subscapular  skinfold  thicknesses  were  1.4  to  18 
mm  for  men  and  12  to  24  mm  for  women,  l.ohman  ( 1481 )  reviewed  data  on 
skmfolds  and  body  density  and  the  relationship  to  body  fatness  and  con¬ 
cluded  that  skinfolds  predict  body  density  with  standard  errors  of  measure¬ 
ment  close  to  that  expected  based  on  known  biological  and  technical  factors. 
Most  of  the  error  was  associated  w  ith  variance  related  to  age  and  gender,  riie 
biological  variation  in  predicting  body  fat  from  densitometry  was  estimated  at 
.4.8  percent  for  the  general  population  (Lohman.  1481).  Based  on  densitome¬ 
try.  Smalley  et  al.  (1440)  reported  that  men  and  women  averaged  20.4  ±  7.6 
percent  and  26. .4  ±  4.4  percent  body  fat.  respectively  Oi  =  .464).  These  results 
trom  the  general  U.S.  population  thus  provide  the  rattonale  for  current 
gender  diflcrenccs  in  body  fat  standards  in  the  mihtary  services 


Race  and  Kthnic  (iriiup 

The  majority  ol  studies  evaluating  body  composition  have  been  done  in 
Caucasians.  Many  investigators  have  recognized  that  the  methods  current- 
Iv  used  do  not  accurately  predict  body  composition  in  Blacks,  and  their 
applicabilitv  to  other  racial  and  ethnic  groups,  such  as  Asians,  llispanics. 
and  Native  .^merlcans  is  uncertain  (Malina.  1471;  Mueller  et  al  .  1487; 
Mueller  and  Malina.  1487;  Zillikens  and  C'onway.  1440).  A  number  of 
speakers  at  this  workshop  discussed  the  problems  of  measurement  of  body 
composition  in  racial  and  ethnic  groups  (see  Chapters  6.  10.  II.  and  1.4). 
There  is  general  agreement  that  Blacks  have  relatively  greater  bone  mineral 
mass,  and  there  is  some  evidence  that  muscle  mass  may  be  different  in 
Blacks  and  Caucasians  ((’ohn  et  al..  1477a. b;  Hampton  el  al  .  1466;  Merz  et 
al..  1456;  Pollitzcr  and  Anderson.  1484;  Schutte  el  al..  1484;  Seale.  14.54; 
Trotter  and  Hixon.  1474;  Zillikens  and  Conway.  1440).  Formulas  for  calcu¬ 
lating  body  composition  that  have  been  developed  predominantly  from  C’au- 
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ca^ia^s  cu  e\i.'n  troin  mixed  croups  may  iioi  adequatL'Ix  predict  body  coni- 
posilion  in  racial  anil  ethnic  'uheroups.  The  problem  is  further  complicated 
b\  marked  diifercnces  in  body  composition  cfcpcndirii;  on  socioeconomic 
status  ([^ray.  Id76;  ('ohn.  1977a;  Cioldblatl  et  al.,  196.“'/.  Some  of  the 
observed  differences  in  body  composition  may  also  be  explained  by  the 
fact  that  the  socioeconomic  status  of  Blacks  on  the  avcrace  is  lower  than 
that  (d  Whites.  Fvaluating  difference^  in  ethnic  groups  is  also  complicated 
because  new  immigrants  have  smaller  stature  and  lower  body  weights  than 
do  later  generations  (see  Chapter  1.^). 


BODY  WKKJHT,  CO.MPOSmON.  AND 
PHYSICAL  PKRFORMANCE 

I'he  rationale  for  current  standards  for  body  weight  and  body  composi 
tion  in  the  military  is  that  these  measures  are  correlated  with  pertormance 
of  military  duties,  appearance,  and  overall  health.  In  cont  ast  to  past  stan¬ 
dards,  which  were  designed  to  exclude  underweight  or  chionictdly  ill  indi- 
siduals  trom  active  duty,  the  primary  concern  ot  the  current  standards  is  to 
address  excess  weight  in  the  military  population.  Specifically  ,  excess  weight 
or  body  fatness  is  thought  to  impair  military  performance.  Since  196(1  and 
particularly  since  1976.  weight  standards  have  been  used  to  ensure  that  all 
personnel  are  able  to  m.'et  the  physical  demands  of  their  duties  under  combat 
conditions  and  to  present  a  .  .  trim  military  appearance  "  (AR  600-9.  19X6), 
The  Army  iurther  states  that  excessive  body  weight  .  .  denotes  i  lack  ol 
personal  thscipline.  detracts  from  military  appear.incc.  and  may  indicate  a 
pooi'  state  of  health,  physical  fitness,  or  -tamina”  t.AR  600-9,  1986).  The 
relationsliip  of  body  weight  and  composition  t;)  performance  in  the  military 
IS  addressed  below  and  a  discussion  of  appearance  standards  follows. 

Dues  Being  Overweighl  Impair  Military  Performance? 

Indicators  ol  physical  performance  currently  used  by  the  military  ser 
vices  arc  shown  in  Table  I  I.  The  relationship  of  body  weight  and  various 
components  of  body  com[rosition  to  successful  performance  of  these  activ  i- 
ties  vanes  with  the  activ  itv. 


Rmi'iin^;  ahUit\.  sit-ups.  ami  push-ups 

In  most  tasks  involving  phvsical  work,  objects — including  the  bid\  - 
must  be  moved  through  space.  The  greater  the  body  weight  in  general,  the 
more  energy  that  must  be  expended  simply  to  move  the  body  (see  Chapter 
7)  Cureton  et  al.  (I97S)  (Chapter  “i)  used  weight  belts  and  shoulder  har¬ 
nesses  to  add  weights  to  normal  volunteers  in  good  physical  condition. 
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^Marine''  mu's!  exceed  (he  rniniti.uni  slandards  in  nne  or  more  cale^ones  lo  pa^^  \corine  '.landards 
^For  An  Force  personnel  the  l  mile  run  standards  are  based  on  aee  and  gender. 

^For  Coast  (iuard  personnel  duiv -dependent  testing  exists  tor  boat  crevx  and  helicopter  sunn  rescue  personnei 
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1  hese  auihors  tound  with  this  added-weight  model  that  with  increased  body 
weight  there  was  a  decrease  in  running  perlormance.  The  changes  in  oxygen 
consumption  and  running  time  reported  in  Cureton's  study  were  similar  to 
those  seen  with  cross-sectional  studies  done  with  volunteers  with  different 
bodv  weights.  These  results  suggest  that  an  added-weight-based  perfor¬ 
mance  model  used  by  Cureton  et  al.  (197H)  is  valid. 

Studies  conducted  by  Vogel  and  Friedl.  and  separately  by  Harman  and 
f  rvkman  (see  Chapters  6  and  7).  also  suggested  that  excess  weight  dimin¬ 
ishes  running  performance  and  that,  conversely,  lower  body  weight  is  asso¬ 
ciated  vMth  relatively  better  lunning  performance.  Because  sit-ups  and  push¬ 
ups  involve  lifting  the  body,  these  studies  indicate  that  increased  body  weight 
IS  associated  with  lesser  performance.  Therefore,  as  supported  by  the  wo^k 
ot  Harman  and  F  rykitian  (Chapter  7).  smaller,  lighter-weight  individuals  do 
well  with  these  ta^ks  of  muscular  strength  and  endurance. 

I  niorlunately,  performance  on  the  standard  physical  training  (PTi  test 
does  not  correlate  well  with  measures  of  militarv  performance,  because 
there  is  little  need  for  unloaded  running,  sit-ups.  or  push-ups  in  normal 
dailv  militarv  activity.  Although  overweight  individuals  do  relatively  poor- 
Iv  tmd  underweight  individuals  do  relatively  well  ('n  Pd'  tests,  the  usefulness 
of  thc'ce  measures  as  a  predictor  of  military  performance  is  limited. 

Loud  i  un  yiii'j  uhililY  ami  tilling 

Lailikc  measures  in  the  P'C  tests  described  above,  load  carrving  ability 
and  litfing  have  a  more  direct  relationship  to  military  performance.  Harman 
,md  l-rykman  (Chapie'  7i  noted  that  moderately  overweight  individuals  per¬ 
formed  rcasonablv  well  in  load  carrying  ability  as  assessed  by  20-km  marches 
with  packs.  In  crntrast.  underweight  individuals  frequently  underperformed. 
These  .luthors  noted  that  LBM  w.is  the  best  predictor  of  loail  carrv  ing  and 
lifting  abilities,  as  discussed  below,  fhese  authors  also  described  studies  ot 
(he  abibtv  to  pusti  luails  and  produce  torque  and  concliKled  that  under¬ 
weight  iiuiividuals  pertorm  relatively  poorly  on  these  tasks,  while  over¬ 
weight  individuals  generally  perform  atlcquately.  perhaps  due  to  their  rela- 
livelv  greater  I  BM.  However,  both  load  carrying  and  litfing  ability,  as  well 
,is  perlormance  during  running,  sit-ups.  and  push-ups.  are  impaired  in  sig- 
mficantlv  obese  imlividuals. 


RKI, ATIONSHIP  OF  LK  AN  BODY  MAS.S  VKR.Sl  S  BODY  FATNKS.S 
TO  PKRFORMANCE  OF  PHYSK  Al.  TASKS 

As  noted  above,  the  compartments  of  the  body  may  be  divided  into 
I.BM  and  BI  M.  The  standard  measures  of  body  weight  and  body  mass 
iiulev  ( weight/hcight’i  rnay  give  a  misleading  picture  of  actual  boiiy  compi' 
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sition.  Some  of  the  speakers  noted  that  being  underweight  and  overfat  is  a 
problem  that  may  be  more  significant  than  overweight  as  a  predictor  ol’ poor 
military  performance,  which  further  emphasizes  the  importance  (tf  distin¬ 
guishing  overweight  from  overfatness.  The  data  are  quite  clear  that  the 
best  correlations  of  all  aspects  of  physical  performance  are  with  LBM. 
Cureton  (Chapter  5)  found  that  exercise  performance  of  fit,  normal-weight 
individuals  decreased  with  increasing  weight  added  by  a  weight  belt  and 
shoulder  harness.  Their  performance  was  similar  to  that  of  obese  individu¬ 
als  of  similar  LBM,  but  greater  body  weight. 

Harman  and  Frykman  (see  Chapter  7)  discussed  the  relationship  of  LBM 
in  a  variety  of  tasks  relevant  to  military  performance.  LBM  was  the  best 
predictor  of  performance  capability  as  assessed  by  maximal  aerobic  capaci¬ 
ty,  treadmill  run  time,  and  12-minute  run  distance.  These  studies  pointed 
out  that  body  fatness  was  not  a  strong  predictor  of  run  time  on  an  individual 
basis.  Fatness  was  associated  with  longer  load  carrying  time  to  cover  a 
given  distance,  and  LBM  was  associated  with  faster  load  carriage  time. 
Thus,  lean  individuals  with  a  small  LBM.  or  obese  individuals  with  a  high 
body  fatness,  would  be  expected  to  do  poorly  on  load  carrying  tests.  These 
studies  also  found  a  low  but  positive  correlation  of  percent  body  fat  with 
lifting  ability,  probably  because  individuals  with  more  fat  tend  to  have 
greater  LBM.  As  described  above.  LBM  is  positively  associated  with  the 
ability  to  push,  carry,  and  exert  torque.  LBM  was  a  better  predictor  of 
performance  ability  with  these  tasks  than  was  percent  body  fat.  There  was 
a  weak  trend  for  fatter  people  to  push  and  exert  torque  better,  probably 
because  they  could  use  their  fat  mass  to  generate  momentum.  Harman  and 
Frykman  (Chapter  7)  concluded  that  minimum  LBM  standards  may  be 
more  important  to  military  performance  than  are  maximum  percentage  body 
fat  standards.  They  suggested  that  recruits  should  be  required  to  meet 
standards  for  both  minimum  LBM  and  maximum  percent  body  fat.  They 
further  suggested  that  recruits  be  required  to  pass  physically  demanding 
performance  tests  that  closely  simulate  military  tasks  before  entry  into 
the  service.  Many  police  and  fire  departments  currently  require  such  tests 
before  accession. 

There  is  a  lower  level  of  physical  performance  for  the  average  woman 
versus  the  average  man.  due  in  large  part  to  the  lower  LBM  and  not  to 
differences  in  body  fat,  Cureton  (see  Chapter  .“i)  evaluated  running  perfor¬ 
mance  in  men  versus  women  and  found  that  most  of  the  difference  in 
performance  could  be  explained  by  the  differences  in  LBM,  but  there  were 
also  differences  in  energy  efficiency  during  running.  He  stated  that  other 
investigators  have  not  found  this  difference  in  running  efficiency,  so  more 
research  is  needed  to  determine  if  all  of  the  differences  in  performance 
between  men  and  women  can  be  explained  on  the  basis  of  differences  in 
LBM.  or  if  there  are  more  fundamental  differences  in  muscle  function. 
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(n  contrast  to  the  findings  above,  Jones  el  aJ.  (Chapter  9)  found  that 
increased  body  fatness  had  a  weak  but  positive  correlation  with  lower  run 
times  in  women  trainees.  The  explanation  for  this  finding  is  not  clear,  but 
may  relate  to  the  greater  LBM  of  the  somewhat  fatter  women. 

By  having  more  stringent  body  fat  standards  for  women,  women  in¬ 
ducted  into  military  service  are  selected  for  performance  abilities  closer  to 
those  of  men  than  to  those  typical  of  the  average  American  woman.  These 
less-fat  women  service  personnel  may  be  better  able  to  carry  out  the  tasks 
involved  m  normal  military  operations. 


RKLATIONSHIP  OF  BODY  COMPOSITION  AND  IN.R'RY 

Jones  cl  al.  (19XS)  evaluated  the  association  of  fatness,  fitness,  and 
injury  among  U.S.  Army  trainees  at  Fort  Jackson,  South  Carolina,  in  i  vo 
studies  in  I9S4  and  I9H8.  Women  trainees  suffered  significantly  more  inju¬ 
ries  than  did  men  (.“iO  percent  versus  27  percent).  These  injury  rates,  how¬ 
ever.  did  not  eorrelate  with  body  fatness.  In  both  men  and  women,  there 
was  instead  a  significant  correlation  of  injury  rate  with  body  mass  index 
(BMI).  Indiviiluals  at  the  lowest  quartile  and  the  highest  quartile  of  BMi 
had  significantly  greater  injury  rates  than  did  individuals  in  the  middle 
tuo  quartiles.  Jones  also  found  that  greater  aerobic  fitness,  as  mcasu''ed 
by  1-mile  and  2-mile  runs,  was  strongly  associated  with  a  decreased  risk 
of  injury.  However,  he  pointed  out  that  despite  the  correlation  between 
poor  fitness  and  injury  and  between  poor  fitness  and  fatness,  there  was  no 
correlation  between  fatness  and  injury. 

Jones  et  al.  (Chapter  9)  speculated  that  women  and  men  with  a  low 
BMI  do  not  have  sulficient  muscle  mass  to  endure  vigorous  physical 
training  under  the  conditions  present  in  military  basic  training  programs. 
Again,  this  seems  to  suggest  that  the  absolute  amount  of  I.BM  is  a  critical 
factor  and  provides  justification  for  assessment  c'f  LBM  and  physical 
performance  ability  in  military  recruits  before  accession. 


RFC ATION.SHIP  OF  BODY  ( OMPOSITION  TO  HKALTH 

BMI  is  re'ated  to  all  causes  of  mortality  and  increased  morbidity  from 
specific  diseases  such  as  car<liova.scular  disease,  hypertension,  and  diabetes 
mellitus,  Bray  ( 1989)  reviewed  a  number  of  prospective  and  retrospective 
studies  that  included  data  on  the  effects  of  being  overweight  on  health. 
Both  general  data  from  the  American  Cancer  .Society  (Figure  1-1)  and  a 
study  from  Norway  indicated  that  a  minimum  mortality  was  associated 
with  a  BMI  between  22  to  2.‘i  kg/m'  for  both  men  and  women,  Bray  con¬ 
cluded  that  fat  distribution,  particularly  increased  abdominal  fat.  was  a  more 
important  risk  factor  than  overweight  for  morbidity  and  mortality  . 
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BODY  MASS  INDEX  (kg/m^) 

t  Kil'RI!  11  M(irtulit\  ratio  and  body  mass  index.  Data  I'roni  the  Anierican  Can- 
eer  Society  studs  base  been  jilotted  lor  men  and  vsomen  to  show  the  relationship  ol 
bods  mass  mdes  to  overall  mortality.  .At  a  body  mass  index  behrw  20  and 

above  2.S  kg/in’  there  is  an  increase  in  relative  niorlaliiy.  The  nia|or  causes  for  this 
increased  niorlaliiy  are  listed  along  sviih  a  division  of  body  mass  imlev  groupings 
into  various  levels  ol  risk.  lAdapIi'd  from  l.esv  and  Ciarfinkel  ilMT'li  Copyright 
1076.  Cieorge  .A.  Hray.  M  l).  Csed  by  permission.  1 


In  particular,  as  shown  in  f  igure  1-2.  there  is  an  increased  risk  of 
hypertension,  gall  bladder  disease,  and  diabetes  with  increased  andv'ininal 
fat.  T  he  percentage  of  the  population  affected  increases  with  grea  er  obesi¬ 
ty,  (iiven  the  high  cost  of  obesity  in  terms  of  health  risk.  Bray  .ecom- 
mended  large-group  behtivior  modification  in  the  work  place  as  the  most 
ci’st  effective  treatment  for  obesity. 

Bvidy  fat  distribution  may  be  more  important  than  total  body  weight  or 
body  fatness  as  a  risk  factor  for  several  diseases  including  hypertension, 
diabetes,  and  cardiovascular  disease.  Increased  abdominal  fat,  as  assessed 
by  a  high  waist-to-hip  circumference  ratio  increases  health  risk  for  these 
diseases.  Complicating  these  observations  is  the  fact  that  body  fat  distribu¬ 
tion  differs  among  racial  and  ethnic  groups  (Cohn  et  ah,  1 977a, b;  Hampton 
et  ah.  1966;  Mer/  et  ah.  19.‘v6;  Schutte  et  ah,  I9S4;  .Seale.  19,S9;  Trotter  and 
Mixon,  1974;  /illikens  and  C'onway,  1990),  Few  studies  have  aildressed  the 
health  risks  of  different  racial  and  ethnic  groups  with  similar  degrees  vd 
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FIGURE  1-2  Relationship  of  the  abdominal  (waist)  to  gluteal  (hips)  eircuniference 
ratio  to  various  risks  of  obesity.  jData  from  Blair  et  al.  (ldS4).  Copyright  1988. 
George  ,\.  Bray.  M.D.  Used  by  permission.) 


abdomintil  overweight.  Evaluation  of  ethnic  group  differences  is  complicated 
by  the  fact  that  new  immigrants  have  a  smaller  stature  and  low'cr  body 
weights  than  do  later  generations  (see  Chapter  1.8).  Furthermore,  some  of 
the  factors  that  are  said  to  predict  health  risks  are  different  among  ethnic- 
groups.  Haffner  et  al.  (1986)  showed  that  increased  abdominal  fat.  which  is 
a  major  risk  factor  in  Caucasians,  does  not  carry  the  same  risk  for  Hispan- 
ics.  .Stevens  et  al.  (personal  communication)  have  shown  that  a  high  waist./ 
hip  ratio  is  not  associated  with  higher  mortality  in  Black  women  studied  in 
the  Charleston  Heart  Study.  Recent  research  (Dowling  and  Pi-Sunyer.  1990) 
also  indicates  ethnic  variability  of  these  risk  factors.  More  research  is 
needed  in  this  area. 
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BODY  COMPOSITION  AND  MILITARY  APPEARANCK 

Part  of  the  rationale  for  a  body  composition  (that  is.  body  fat)  standard 
in  the  military  is  that,  according  to  AR  600-9  and  similar  statements  from 
the  other  services,  all  personnel  are  to  .  .  present  a  trim  military  appear- 
anf'e  at  all  times"  (AR  600-9.  1986).  A  “trim  military  appearance"  is  a 
subjective  criterion  that  is  difficult  to  define  in  any  scientific  sense.  Cur¬ 
rently,  this  determination  is  made  by  local  commanders  who  are  not  provid¬ 
ed  with  standardized  criteria  on  which  to  base  (heir  decisions.  Although 
there  would  be  little  trouble  finding  consensus  among  multiple  observers  on 
grossly  obese  or  overweight  personnel  in  terms  of  meeting  an  appearance 
standard,  a  direct  generalizable  relationship  between  body  fat  content  and 
military  appearance  is  not  likely  to  be  observed.  Some  overweight  and 
overfat  individuals  "carry  their  weight  better"  than  others  depending  on 
skeletal  structure,  body  type,  and  body  fat  distribution.  Some  individuals 
who  tail  to  meet  the  body  composition  standard  may  even  be  of  normal 
weight  but  are  overfat  and  have  a  lower  LBM.  Caution  must  therefore  be 
e.xercised  in  making  subjective  assessments  of  a  trim  military  appearance. 


ASSESSING  BODY  COMPOSITION  FOR  INDIVIDUALS  WHO 
FAIL  TO  MEET  MILITARY  STANDARDS 

For  individuals  who  fail  to  meet  performance  standards  or  subjective 
standards  of  trim  military  performance,  appropriate  therapy  and  administra¬ 
tive  actions  for  weight  reduction  and  weight  control  are  warranted  within 
military  guidelines.  Anthropometric  techniques  such  as  circumferences  or 
skintold  measurements,  currently  in  accordance  with  published  procedures, 
should  be  used  as  the  first  assessment  of  body  fat  burden.  Reliance  on 
these  daia  is  appropriate  where  individuals  agree  and  respond  to  a  weight 
reduction  program  involving  modest  calorie  restriction  and  moderately  in¬ 
creased  physical  activity.  However,  more  accurate  and  reliable  techniques 
for  assessing  body  fat  burden  should  be  used  when  any  of  the  following 
conditions  exist: 

•  the  level  of  body  fat  burden  is  disputed, 

•  the  individual  routinely  engages  in  heavy  physical  activity  and/or  par¬ 
ticipates  in  body  building  or  physically  demanding  sports, 

•  the  individual  appears  to  be  making  a  sincere  effort  to  lose  weight  but 
shows  little  or  no  progress,  or 

•  the  individual  resists  or  fails  the  appropriate  weight  loss  program  and  is 
being  separated  from  service. 

The  recommended  techniques  for  measuring  body  fat  under  these  cir¬ 
cumstances  include  underwater  weighing,  body  volume  measurement,  total 
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bo(.l\  \'.atcr  measurement,  or  total  potassium  40  ('"’K)  measurement,  although 
these  methods,  as  noted  earlier,  have  limitations. 

I  he  proeedures  described  above  also  are  subject  to  some  minor  risk, 
sshich  should  he  described  to  the  patient.  For  some  individuals,  compliance 
with  necessary  conditions  tor  underwater  weighing  is  difficult  or  impossible 
because  ot  an  inherent  tear  of  being  submerged  in  water.  Some  individuals 
who  suiter  claustrophobia  will  be  unable  to  comply  with  ’'"K  measurements. 
Others  are  likely  to  object  to  the  administration  of  substances  for  total  body 
water  measures.  It  is  recommended  that  informed  consent  be  obtained  before 
anv  of  these  procedures  are  performed  to  avoid  possible  legal  action.  How¬ 
ever.  refusal  to  participate  should  not  interfere  with  administrative  actions. 

( OMMKM  S  ON  BODY  ( OMPO.SITION  .STANDARDS 

The  standards  tor  weight  and  body  fatness  for  accession  and  retention 
m  the  military  services  are  significantly  different  for  men  and  witmen.  The 
standards  recognize  that  women  have  a  higher  percent  body  fat  than  men; 
the  Department  of  Delense  standard  levels  of  body  fatness  are  20  percent 
lor  men  and  26  percent  for  women.  However,  criteria  tor  accession  and 
retention  are  not  equal  tor  men  and  women  who  have  a  level  of  fatness  that 
exceeds  the  standards.  For  accession  into  the  Army,  16  to  20  year  old  men 
can  he  approximately  M  percent  above  the  medium-frame  "desirable"  weight 
from  the  I0S4  Metropolitan  Life  Insurance  Tables  (see  Appendix  C).  but  18 
to  20  year  old  women  can  be  only  6  percent  above  the  medium-frame 
"desirable"  weight.  Differences  in  accession  standards  for  men  and  women 
also  exist  for  the  Navy  and  ,^ir  f-orce.  Retention  standards  for  the  z\rmy  are 
more  strict  for  women.  Although  men  aged  17  to  20  can  be  14  percent  over 
"desirable  weight"  to  remain  in  the  Army,  women  aged  17  to  20  can  be  only 
percent  o'  -  (see  also  Appendix  B).  Current  weight  criteria  suggest  that 
approximate.  '’.9  percent  of  women  Army  recruits  are  not  acceptable  for 
accession  vers  only  about  percent  of  men  recruits  (see  Chapter  .7). 

.As  indicated  earlier,  women  accepted  into  military  service  are  selected 
tor  performance  abilities  that  are  closer  to  those  of  men  than  to  those  of  the 
average  American  woman.  These  less-fat  women  m  the  services  with  a 
greater  l.BM  may  be  belter  able  to  carry  out  the  tasks  involved  in  normal 
military  operations.  A  second  rationale  for  stricter  criteria  for  women  is  the 
perception  that  women  have  more  injuries  due  to  increased  body  fat.  This 
rationale  may  derive  from  the  perceptitm  that  overweight  and  increased 
body  fat  are  associated  with  an  increased  risk  of  injury.  However,  Jones  et 
al  (1488)  conducted  studies  during  basic  training  at  Fort  Jackson.  .South 
C.irolina.  and  found  no  association  between  fatness  and  injury  in  either 
women  or  men.  In  both  wamien  and  men.  injuries  were  associated  with  both 
the  highest  and  lowest  BMI  quarliles.  These  data  suggest  that  low  weight- 
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tor-hcight  individuals  are  prone  to  injury  and  that  individuals  with  heavier 
body  v\eighls.  regardless  of  fatness,  arc  prone  to  injury.  Women  suffered 
significantly  more  injuries  than  men  (50. .S  percent  versus  27.4  percent). 
1  he  reasons  for  this  result  are  not  clear,  but  Jones  speculated  that  women 
and  men  with  a  low  BMI  do  not  have  sufficient  muscle  mass  to  endure 
vigorous  physical  training  under  the  conditions  present  in  military  basic- 
training  programs.  Again,  this  finding  seems  to  suggest  that  the  absolute 
amount  of  l.BM  is  a  critical  factor  and  provides  justification  for  assessment 
ot  l.BM  and  physical  performance  ability  before  accession. 

The  current  body  fat  standard  in  the  military  appears  to  discriminate 
against  women.  The  Services  recogni/e  that  women  have  a  higher  percent 
boily  fat  and  allow  for  these  differences  between  men  and  women.  How¬ 
ever.  siandttrds  for  women  allow  less  e.xcess  over  “ideal  weight".  These 
major  ditferences  in  staruiards  for  men  and  women  discriminate  against 
women.  .Mthough  female  soldiers  may  be  fatter  in  absolute  terms  than 
nude  soldiers,  they  are  required  to  have  a  greater  percent  l.BM  in  relation¬ 
ship  to  a  getuler-spectfic  mean  than  are  men  soldiers.  However,  it  is  also 
true  that  the  physical  perbirmance  standards  in  the  military  discriminate 
agtimst  men  in  that  higher  performance  levels  are  required  for  male  soldiers 
than  for  femtile  sokliers.  .As  mentioned  above.  l.BM  correhites  positively 
with  physical  performance,  and  therefore  it  is  a  better  predictor  of  physical 
performance  than  is  BFM.  which  has  a  weak  negative  correlation  with  per¬ 
formance.  Paradoxically,  fatter  women  may  perform  physical  tasks  better 
than  less  fat  women  because  they  have  a  higher  LBM.  The  question  of  the 
appropriateness  of  current  body  fat  standards  for  men  and  women  in  the 
military  cannot  be  answered  separately  from  the  question  of  whether  there 
should  also  be  a  minimum  standard  for  l.BM.  These  issues  become  of 
increasing  importance  as  women  move  into  more  military  occupation  spe¬ 
cialties  as  an  outcome  of  the  Persian  Ciulf  War  and  societal  trends. 
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Conclusions  and  Recommendations 


CONCLl  SIGNS 

.\^  statoci  in  the  Intrdduction.  the  Committee  on  Military  Nutrition  Re- 
Neareh  (CMNR)  was  asked  to  respond  to  seven  speeilie  questions  dealing 
with  the  boily  weight  and  eomposition  standards  ol  the  military.  The  com¬ 
mittee's  responses  to  these  questions  are  as  lollows: 

1.  Can  or  should  physical  performance  assessments  be  used  as  cri¬ 
teria  for  establishing  body  composition  standards  in  the  services'? 

■Aeri'hie  litness.  as  assessed  by  the  current  physical  training  tests,  is  an 
appropriate  indicator  of  physical  fitness  for  military  peisonnel.  However, 
serious  consideration  vhould  be  given  to  developing  |ob  related  performance 
tests,  siicli  as  lifting  and  carrying  tasks,  that  are  more  closely  related  to 
actual  military  activities.  These  tests  should  he  used  to  help  develop  body 
composiiion  standards  that  are  more  closely  related  to  physical  performance 
of  military  tasks. 

2.  What  is  the  relationship  between  body  composition  and  perfor¬ 
mance? 

Within  the  range  of  body  composition  exhibited  by  current  military  person¬ 
nel.  there  is  no  consistent  relationship  between  body  fat  content  and  physi¬ 
cal  performance.  There  is.  however  a  direct  relationship  between  physical 
performance  as  measured  by  tests  of  load  carrying  ability  and  lifting  abili¬ 
ties  and  the  amount  of  lean  body  mass. 
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3.  The  services  currently  use  a  maximal  body  fat  standard.  Should 
they  also  establish  a  minimum  fat-free  or  lean  body  mass  standard? 

In  view  ot  the  positive  relationship  between  fat-free  or  lean  body  mass  and 
physical  performance,  the  military  should  seriously  consider  establishing  a 
minimum  standard  for  lean  body  (that  is.  fat-free)  mass,  'here  is  doubt 
among  the  members  of  the  CMNR  as  to  whether  the  military  should  contin¬ 
ue  to  employ  a  maximal  body  fat  standard. 

4.  What  factors  should  be  considered  in  setting  body  composition 
standards? 

A  body  composition  standard  in  the  militaiy  shoald  be  basi.d  primarily  on 
ability  to  perft.rm  required  physical  tasks  and  wcondari'y  on  long-term 
health  implications.  A  stronger  rationale  needs  to  be  deveh  ped  r  '-asinu 
the  standard.  This  conclusittn  relates  only  to  service-wide  siardcds.  not 
the  more  stringent  standards  required  for  particular  militai  v  occupation 
specialties. 

5.  Are  performance  and  body  composition  standards  redunda;  '? 

If  job-related  performance  standards  were  in  place,  a  body  com[)osition 
standard  wanild  be  unnecessary  in  relation  to  physical  performance. 

6.  If  performance  criteria  exist,  are  weight-fat  standards  needed? 
Because  btidy  weight  and  composition  have  health  implications  entirely 
aside  from  the  question  of  physical  performance,  such  standards  are  desir- 
abie.  Also,  if  the  military  determines  that  appearance  is  a  sufficiently 
critical  factor  that  it  outweighs  the  cost  of  enforcing  weight/fat  standards, 
then  appearance  standards  would  be  needed. 

7.  How  does  one  rationalize  the  different  uses  of  body  composition 
for  performance,  appearance  and  health? 

.As  stated  above,  body  fatness  is  related  to  long-term  health,  and  lean  body 
mass  IS  related  to  some  aspects  of  physical  performance.  .Appearance  of 
different  individuals  at  the  same  body  weight  and  fat  content  can  vary 
considerably  depending  on  other  factors.  A  stronger  rationale  for  an  ap¬ 
pearance  criterion  and  standards  that  define  acceptable  and  unacccyaable 
appearance  needs  to  be  developed. 

RK(  OMMKNDATIONS 

On  the  basi\  of  the  papers  presented  by  the  invited  speakers,  discussion 
at  the  workshop,  and  subsequent  committee  deliberations,  the  Committee  on 
Military  Nutrition  Research  (CMNR)  presents  the  following  recommenda¬ 
tions  to  the  Army  Medical  Research  and  Development  Command  regarding 
body  composition  and  physical  performance  as  it  relates  to  accession  and 
retention  standards  lor  the  military  services; 

•  All  services  should  develop  job  related  physical  performance  tests  to 
Use  lor  accession  into  military  service. 
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•  I  hc  dittorcnces  bclweni  actcssioii  and  retention  standards  tor  brrdy 
weight  need  reevaluation  lor  all  serviees.' 

•  An  inequity  exists  in  body  eoinposilion  sianriards  tor  men  and  worn 
en.  Aeeession  and  retention  standards  lor  body  weight  and  body  fatness  in 
men  and  vomen  should  he  reevaluated  m  the  light  of  all  fai  tore  diseussed 
in  this  report.' 

•  ’!  he  appropriateness  of  current  hodv  eoinposilion  standards  needs  to 
he  validated  for  the  significant  ethnic  groups  ixpreecnted  in  the  military 
serv  ices. 

•  .\  iciationship  between  trim  military  api  <  arance  and  military  pefor 
mance  could  not  be  identified.  If  the  military  determines  thal  a  trim  ii  di 
tarv  ajtpearance  is  importa:',..  objective  crileriti  should  be  developed  to  the 
extent  possible  for  tippearance  evaluation. 

•  bor  mdiv  duals  who  lace  separativin  from  the  scivice  for  laili’ e  to 
meet  body  composition  sttmdards.  it  . ,  suggested  that  the  military  identify  a 
limited  number  of  military  center*  that  can  pc'form  more  spitcilic  measure¬ 
ments  o(  body  crmipositioii  t  lor  extimple.  tlual  photon  densiiomeiry .  uiuler- 
water  weighiii!..  ;unl  body  water)  anti  |o  which  the  individual*-  in  '.luestion 
cinild  be  reterred  tor  ft  riher  evaliuition. 

ARf  AS  FOR  FlU  RK  RKSKARCH 

I  he  Committee  on  Military  Nutrition  Resettrch  (CMNP.)  suggests  sev¬ 
eral  -ireas  for  luture  research  vvithin  the  milittiry  rehiteti  to  hotly  cottij'io'-i- 
tion  and  physical  pci formtmee.  I'he  CMNR  believes  that  the  military  ser 
vices,  through  it*-  pot'l  of  volunteei  personnel,  have  an  excellent  .md  otfen 
unique  tippoiiunity  to  generate  statietics  about  miiniion,  health.  ;md  well- 
being  of  service  personnel  that  can  be  directly  applied  toward  im[ir(ned 
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health  I'l  iiiiliiar\  personnel  and  for  the  general  I'.S.  population.  Research 
on  the  htllovsing  topics  is  recoinniended: 

•  the  development  of  serviee-speeiric  standard  tests  of  military  perfor¬ 
mance  that  more  accurately  reflect  military  activities; 

•  the  relationsliip  of  body  composition  to  military  and  physical  perfor¬ 
mance  among  men  and  women,  including  consideration  ol  the  relationships 
ot  lean  body  mass,  height,  and  physical  performance; 

•  the  relationship  of  body  fat  distribution  and  body  composition  to 
long-term  health  outcome  in  career  military  personnel,  specific  for  race  and 
gender:  and 

•  the  relationship  rtf  injuries  to  components  of  brtdy  composition  (spe¬ 
cifically  bone  liensity  and  lean  bitdy  mass). 

Two  additional  areas  of  research  were  not  specifically  mentioned  in  the 
task  posed  to  the  committee  tor  this  project;  however,  in  view  of  the  unique 
opportunities  available  for  research  within  the  military  setting  and  atforded 
by  its  data  bases,  the  CMNR  recommends  that  the  military  conduct  research 
111  these  areas  to  increase  general  knowledge  related  to  body  composition 
and  physical  |verformance: 

•  .A  retrospective  study  ot  the  Medical  Remeiiial  F:nlistn'’ent  Program 
(.MR TP)  data  base  to  evaluate  ia>  long-term  health  status  and  perforniaiue 
of  overweight  recruits  and  overweight  personnel  in  general,  and  ibi  cosi- 
benetit  analyses  of  enrolling  individuals  who  are  overweight  at  the  time  ot 
enlistment. 

•  The  relationship  of  body  composition  to  emotional  and  psychological 
tactors  in  military  units:  (a)  psychological  effects  of  being  overweight  and 
underweight  on  individuals  in  a  military  setting;  (b)  psychological  effects 
on  unit  morale  of  having  overweight  and  underweight  indiv  iduals  present  in 
the  unit:  and  (ci  an  evaluation  of  officers’  and  noncommissioned  officers' 
attitudes  and  possible  biases  toward  the  presence  of  overweight  and  under¬ 
weight  individuals  in  potential  combat  situations. 

The  Committee  on  Military  Nutrition  Research  is  plea  .ed  to  participate 
with  the  Division  of  Military  Nutrition.  IISARIHM,  U.S.  .Army  Medical 
Research  and  Development  Command,  in  programs  relateti  to  nutrition  atul 
health  of  American  military  jrersonnel  The  C’MNR  hopes  this  information 
will  be  useful  atul  helplul  for  the  Department  of  Defense  in  developing 
programs  (hat  continue  to  improve  the  lifetime  health  and  well-being  of 
service  personnel. 
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Invited  Papers 


IN  p\Ki  II  THi  ixpiRi  (>\(’iKN  that  I'orineU  the  basis  I'or  the  development  of 
the  summars  ami  recommendations  presented  in  Part  I  are  included 
in  the  order  presented  at  the  I'/  day  workshop.  Each  speaker  was  asked  to 
carefulh  review  the  literature  in  their  own  field  of  expertise  as  it  related  to 
the  seven  questions  posed  to  the  committee,  make  critical  comments  on  the 
relevant  research  including  their  own  work,  and  end  with  their  individual 
recommendations.  After  the  wmrkshop.  eacli  author  was  given  the  opportu¬ 
nity  to  revise  or  add  to  their  papers  based  on  committee  questions.  The 
papers  were  then  submitted  in  writing  and  used  by  the  committee  in  the 
development  of  Part  I  Although  focused  on  the  relationship  of  body  com¬ 
position  to  physical  performance  in  the  military  services,  these  chapters 
also  provide  a  state-ol -the-art  review  of  body  composition  and  physical 
performance  that  is  relevant  for  many  settings  and  occupations. 
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Body  Composition  and 
Military  Performance: 

Origins  of  the  Army  Standards 

Kart  E.  FrieJI 

lixccssivc  body  l;il  connotes  a  lack  ot  personal  discipline,  detracts  t'roni 
tnilitarv  appearance.  |and|  nniy  indicate  a  poor  state  ol  health,  physical 
tilness.  or  stamina. 

t.-XR  600-9.  19X6) 

INTRODl'CTION 

The  primary  intent  of  physical  standards  in  the  military  has  always 
been  to  select  soldiers  best  suited  to  the  physical  demands  of  military  ser¬ 
vice.  This  standard  has  usually  meant  the  selection  of  soldiers  who  at  least 
looked  as  though  they  could  carry  loads  and  fight  well.  Currently,  body  fat 
standards  are  part  of  the  LI.S.  Army's  fitness  emphasis  to  ensure  that  forces 
"possess  the  stamina  and  endurance  to  fight  in  extreme  clim.dic  and  terrain 
environments"  (Study  of  the  Military  Services  Physical  Fitness.  1081). 

For  most  of  the  past  century,  weight-for-height  has  been  a  key  physical 
discriminator  of  a  recruit's  fitness  for  military  service,  but  until  recently, 
these  standards  were  used  only  to  exclude  underweight  candidates.  Weight- 
for-height  standards  were  relevant  when  a  sizable  proportion  of  draftees  and 
volunteers  were  malnourished,  tuberculous,  or  had  parasitic  diseases;  un¬ 
derweight  was  a  good  marker  of  such  individuals  who  were  clearly  unsuited 
to  the  physical  demands  of  the  military.  The  need  for  height-weight  stan¬ 
dards  has  diminished  as  the  importance  of  these  diseases  has  diminished.  In 
addition  to  advances  in  health  care,  improved  nutrition  over  the  past  century 
has  produced  increases  in  the  mean  height,  weight,  and  fat-free  mass  of 
soldiers  (Table  3-1)  (Karpinos,  1961).  However,  improved  nutrition  has 
also  increased  the  importance  of  health  risks  at  the  other  extreme  of  body 
size,  with  excessive  fatness  due  to  overnutrition.  Although  tuberculosis 
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TABLE  3-1  Comparison  of  Some  Anihropometric  Characteristics  ot  Male 
Soldiers  in  1864,  1414,  1446,  and  1484 


Year  of  Study  (Hi* 


Arirhroponictric 

IXb4 

1414 

1446 

14X4 

('haracicristic 

(2.Tb24) 

144.444) 

(X.S.OOO) 

( Xb4 ) 

Heighi  ( inches ) 

b7.2 

b7.7 

bX.4 

bX.b 

Weiehi  (pounds) 

1414 

144.4 

IS4.X 

Ibb.S 

Age  (years) 

2.S.7 

24  4 

24,4 

26.4 

Neck  girth  (inches) 

ITb 

14  2 

14, S 

I4..S 

Chest  girth  (inches) 

14  s 

.«  4 

.46.4’ 

.4.S,.S 

Waist  girth  (inches) 

.M  .s 

41  4^ 

4|  .4‘ 

42.7 

hsiimaicd  bod>  tai  (percent) 

lb. 4 

IS. 7 

14  4 

17,4 

Fat  free  mass  (pounds) 

1  17 

122 

14.4 

I.4S 

NOIL  Relative  bod>  fat  iv  e'-tiinated  from  mean  values  for  height,  neck,  and  waist,  using 
the  Ainiy  eircimiference  method  as  published  in  .AR  hOtl-d  (  AR  WIO-’I,  IhXhi.  The  value  is 
based  on  hydrostaticalh  determined  body  fat  estimated  in  ItfST  soldiers. 

*H  =  number  of  men  in  the  study 

Chest  circumference  measuremetil  did  not  -pecify  evpiration  although  it  was  the  specified 
standard  in  the  physical  evamination  regulation  in  evistence  at  the  time;  the  other  three  values 
are  lor  chest  at  evpiralioii, 

■  Measurement  at  natural  waist  adjusted  upwanl  by  I  .bb  cm,  the  moan  difference  between 
"natural  waist"  circumference  and  circumference  at  the  umbilicus  m  14X4  soldiers;  no  adiusiment 
was  made  !oi  IXb4  because  measuring  was  done  over  clothing. 

SOfiRC'H;  IXb4;  Clould  ilXbdi;  |4|4:  Davenport  and  l.ove  (1421):  144b:  Randall  ll447i, 
14X4.  Fit/gerald  et  al.  i  |4Xbi  bsed  by  permission. 


was  a  leading  cause  of  death  in  the  early  I4()()s,  the  leading  cause  of  death 
in  1487  was  heart  disease  (Surgeon  General's  Report  on  Nutrition  and  Health, 
1488).  Prompted  by  these  health  trends  and  the  current  national  obsession 
with  body  fat  and  fitness,  the  principal  target  of  physical  standards  in  the 
Army  has  shifted  from  underweight  to  oveifat  srrldiers.  1  he  use  of  these 
standards  has  also  changed  from  simple  entry  selection  criteria  to  standards 
that  must  be  maintained  throughout  an  Army  career  by  appropriate  nutrition 
and  exercise. 

The  current  U.S,  .Army  Weight  Control  Program  (AR  600-4,  I486)  and 
the  objectives  of  this  regulation  will  be  outlined  here,  as  well  as  earlier 
policies  and  how  the  Army  arrived  at  the  current  policy,  vtandards.  and 
method  of  assessment.  From  this  historical  review  it  will  be  evident  that  in 
the  last  decade,  two  important  considerations  have  been  dropped,  possibly 
inadvertently,  from  the  current  standards:  (I)  the  low-end  standard  (or 
strength  testing)  to  emphasize  the  importance  of  an  adequate  fat-free  mass 
and  (2)  the  confidence  interval  built  into  these  standards,  based  on  the 
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precision  ot  the  measurement  methods  and  the  relative  strength  of  the  rela¬ 
tionship  hetueen  body  composition  and  the  desired  objective,  retention  of 
combat-reads  soldiers. 

THE  Cl  RREM  ARMY  VVEICHT  CONTROL  PROGRAM; 

POLICY  AM)  GOALS 

■All  soldiers,  regardless  of  rank,  are  weighed  at  6-month  intervals  to 
ilemonstrate  that  they  are  below  tabled  height-weight  limits  (divided  by 
gender  and  into  four  age  categories).  Soldiers  exceeding  these  screening 
weight  standards  are  assessed  at  the  unit  tcompany)  level  for  body  fat  by  an 
Army-developed  circumference  method,  which  is  described  below.  If  a 
soldier  exceeds  tat  standards  prescribed  by  gender  and  age.  the  unit  com¬ 
mander  must  enter  the  individual  in  the  IhS.  Army  Weight  Control  Pro¬ 
gram.  The  commander  is  required  to  provide  motivational  programs  to  the 
soldier,  incliuling  nutrition  education  sessions  and  exercise  programs.  ,As 
additional  incentive  to  achieve  the  standards,  the  .soldier's  records  are  flagged 
to  prevent:  reenlistment,  assignment  to  command  positions,  favorable  ac¬ 
tions  such  as  awards,  and  transter  to  any  professional  schooling  beyond 
initial  entry  training.  A  soldier  who  fails  to  make  satisfactory  progress 
toward  weight  or  fat  loss — determined  as  failure  to  achieve  a  3-  to  8-pound 
weight  lo.ss/month  in  2  consecutive  monfb.s — can  be  discharged  from  the 
Army  under  a  separation  action  for  failure  to  meet  the  weight-control  stan¬ 
dards.  A  medical  ev  aluation  is  required  for  a  soldier  being  considered  for 
separation  to  ensuie  that  the  overfatness  is  not  due  to  an  underlying  illness. 
A  soldier  is  cleared  from  the  program  only  by  achieving  the  body  fat  stan¬ 
dard  by  the  Army  circumference  method.  The  upper  limits  of  permissible 
body  fat  are  shown  in  Table  3-2.  Although  personnel  are  held  to  these 


T  ABLE  3-2  Lipper  Limits  of  Permissible 
Body  f  at.  C..S.  Army.  IW(P 


Percent  Boilv  Pat 

.■\gc  Kanyc 

Men 

Women 

)’  :n 

20  percent 

pcrtt-nl 

:i-:7 

22 

.Ml 

:s  vu 

24 

yy 

..  40 

26 

44 

Those  hmiis  vserc  increascii  In  2^^  tor  women 
MHce  this  ineeiino  held.  (See  Chapfer  2) 

SOI  KCF-  AR  600  ( 19K6). 
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I'ABLK  3-3  C’hniiiology  of  Li.S.  Army-Relevant  Body  Composition 
Studies  and  Policies 


I.S6^  -  IXfiS 

I.S7S 

IKK7 

i‘m: 

1417  1414 

]4(I7-|42X 
I  447 
1 44(1 

1 46(1 
1476 
14X0 

14X7 

I  4X4 

I  4X6 


I  S  Saiiilars  C'omniission  Slu<J>  of  Civil  War  soldiers.  Detailed  inquiry 
into  soldier  physique  hy  B.  A.  (lould. 

Siutistics  compiled  from  physical  exaniinadons  of  approximately 
500,000  C’ivil  War  recruiis  by  J.  H.  Baxter. 

hirst  r.S.  Army  height- weight  standard  tables. 

Medico-Actuarial  Mortality  Investigation 

Davenport  and  Love  analyze  physical  examination  data  of  2.5  million 
World  War  I  draftees  (1917-lMlSi  and  anthropometry  of  lOO.O(K) 
demobilizing  soldiers. 

Biometric  study  of  L.S.  Army  officers.  .Analysis  of  annual  health 
examination  data  over  20  years. 

Height-weight  means  of  465.000  World  War  11  selectees  collected  and 
later  tabulated  by  B.  D.  Karpinos  (Office  of  the  Surgeon  General), 

Quartermaster  Corps  conducts  an  anthropometric  study  involving  66 
body  measurements  of  105.062  men  at  si.x  .Army  separation  stations. 
Photographs  of  .^9, .^76  of  the  men  were  somaioiypcd  by  Hooton. 

Now  maxinuim  weight  limits  issued,  tabled  by  age  and  by  gender  i.Arniy 
Kegulation  40-501 ). 

Army  Physical  Fitness  and  Weight  Control  Program  regulation  is 
released  with  new  tables  t.AR  600-9). 

Review  of  military  fitness  is  ordered  hy  Prcsidcm  Carter.  I  his  results  in 
Department  of  Defense  directive  l.V)H.!  (June  198  h.  directing  the  use 
of  body  composition  standards  and  a  proactive  emphasis  on  fitness 
and  weight  ct>nirol. 

Revision  of  AR  600-9.  issued  as  “The  Army  Weight  Control  Program*', 
specified  use  of  body  composition  standards  with  penalties  tor 
soldiers  t.()t  meeting  standards.  Gse  of  Durnin  Womersley  equations 
as  interim  method. 

Army  Body  Composition  Project  developed  Army  body  tat  equations  hy 
comparison  to  hydrostatic  weights  in  Army  men  and  women  and 
collected  information  on  fat  relationship  to  fitness  and  militarv 
appearance. 

Revision  of  AR  600  9  detailed  circumferencc  basod  metlu'ds  of  lat 
estimation. 


'.tanclards.  the  regulation  encourages  all  personnel  to  achieve  the  more 
stringent  Department  of  Defense  goal  of  20  aniJ  26  percent  body  fat  for  men 
and  women. 

I'he  intended  purpose  of  these  standards,  as  stated  in  the  current  .Arms 
Regulation  600-9  (.AR  600-9.  19X6)  is  c.xplicit.  It  is  "to  insure  that  all 
personnel: 

(  I  I  are  able  to  meet  the  physical  demands  of  their  duties  under  combat 
conditions,  land) 

(2)  present  a  trim  military  appearance  at  all  times." 
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I'he  UM.‘  ol  physical  standards  to  ensure  the  combat  readiness  ol  the  Army 
comes  out  of  a  lone  evolution  (sec  Table  .^-3). 


THK  DKVKLOFlVtKN T  OF  MILITARY  ACCFSSION  STANDARDS 

Physical  Standards  in  Relation  to  the  Demand  fur  Soldiers 

Some  physical  standards  have  changed  easily  with  the  need  for  soldiers, 
which  suggests  that  what  may  be  portrayed  as  a  soldierly  characteristic  may 
not  be  solidly  rooted  in  combat  necessity.  Height  is  an  example.  European 
monarchs  prided  themselves  rtn  their  tall  soldiers;  it  was  also  convenient  to 
have  men  of  about  the  same  height  for  drill  and  ceremony.  Some  eugeni- 
cists  claimed  that  criminals  tended  to  be  shorter  than  the  rest  of  the  popula¬ 
tion  (Baxter.  1X7.3).  and  a  retired  military  surgeon  proposed  that  physical 
characteristics  could  identify  future  heroes  (Foster  et  al..  1967).  Thus,  the 
minimum  height  for  L!.S.  soldiers  was  66  inches  earlv  in  the  nineteenth 
century  and  has  progressively  lowered,  with  the  least  stringent  requirements 
(no  minimum  height  standard  during  part  of  the  Civil  War)  coinciding  with 
national  emergencies  when  new  recruits  were  in  greater  demand  (Figure 
3-1 ).  The  Romans  also  imposed  height  standards  on  their  soldiers,  and  the 
usefulness  of  this  selection  standard  was  questioned  even  then.  Vegetius 
Renatus.  a  military  philosopher,  suggested  using  a  more  subjective  visual 
appraisal  of  potential  recruits,  noting  that  "when  all  these  marks  are  found 
111  a  recruit,  a  little  height  may  be  dispensed  with,  as  it  is  of  much  more 
importance  that  a  soldier  should  he  strong  than  that  he  should  be  tall" 
(Baxter.  1X73).  When  health  screening  capabilities  were  less  advanced, 
height  standards  served  a  health  fitness  screening  purpose;  for  example, 
short  stature  could  rellect  disease  and  poor  physical  development.  Thus, 
even  after  careful  review  of  physical  standards  during  World  War  II.  men 
less  than  6t)  inches  in  height  were  "nonacceptable"  (U.S.  Congress.  1944). 
Today,  the  best  rationale  for  current  height  standards  is  practiced:  to  limit 
the  range  of  sizes  tor  uniforms,  protective  ensembles,  and  workspace  di¬ 
mensions.  However,  when  other  reasons  are  dismissed,  commanders  argue 
from  anecdotal  experience  that  short  soldiers  simply  cannot  carry  the  same 
load  as  their  average-height  peers  (Davenport  and  Love.  1921  ), 

F.arly  Scientific  Investigations  of  Soldier  Physique 

More  than  a  century  ago,  scientists  such  as  Benjamin  Gould  recognized 
the  importance  ot  military  anthropological  studies.  Gould  was  invited  by 
the  I'.S.  Sanitary  Commission  to  perlorm  an  ambitious  study  on  soldier 
phvsique  with  detailed  demographic  and  anthropometric  measurements  on 
2  L7X3  soldiers  studied  at  various  Civil  War  camps,  and  with  substudies  on 
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MINiMUn:  accept/' Ri  F  height  (mcHes) 

68  - 

sources  relc-'^’-CCS 

67  : 


1802  1846  1861  1864  1867  1874  1917  1918  1919  1923  1940  ’944 


DATE  OF  REGULATION 

FTGL  RF  1-1  I  S  Arms  male  slamJartK  lor  mimnmm  acceptable  heiphls.  av  ihes 
base  ehaneetl  ssiili  the  tiemaiu)  lor  coUliers  SOI  RCF^S:  Dasenpori  am!  1  ose 
(19211;  Foster  et  al.  (|9<'7i. 


captured  rebels,  lroi|uois  Indians,  Black  soldiers,  and  breed  slaves  (fiould, 
1S69).  Although  the  study  ssas  curtailed  by  the  Secretary  ol  War,  it  sue- 
cesstully  outlined  some  anthropometric  relationships  with  respect  to  age, 
health,  and  strength  among  Civil  War  soldiers  (see  F  igure  7  2), 

(ioiild  tested  several  pn'posed  relationships  between  adult  weight  and 
height  and  concluded  that  the  weight/height'  Formula  ot  the  Belgian  scien¬ 
tist,  Lambert  A,  J.  Quetelet,  was  the  most  suitable.  Current  weight  screen¬ 
ing  tables  are  based  on  Quetelet  s  index,  Ciould  also  discovered  that  mean 
weights  did  not  change  signiticantly  in  this  study  population  after  age  22. 
This  trend  was  not  readily  apparent  in  subsequent  studies,  presumably  be¬ 
cause  of  reduced  activity  levels  and  improved  nutrition,  with  consequent 
increases  m  weight  and  fatness  becoming  virtually  inevitable  w  ith  age.  Weight 
was  investigated  in  terms  of  height,  chest  si/e,  age,  health,  race,  service 
(Army  versus  Navy),  length  of  service,  pulse  and  respiration.  Some  of 
these  latter  investigations  were  mtluenced  by  the  earlier  work  of  John  Hutchinson, 
who  had  pioneered  studies  of  vital  capacity  and  had  also  developed  some  of 
the  first  tables  of  "desirable"  weight-for-height  (ranging  from  21.4  to  2.7.0 
kg/nr)  for  life  insurance  companies.  In  1S46,  Hutchinson  ohservevi  a  loss 
ol  vital  capacity  with  excess  weight  and  concluded  that  individuals  as  little 
,is  7  percent  over  his  weight  tables  had  a  measurable  reduction  in  vital 
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c;ipai.it\  ([Baxter.  1H75).  Untorlunalclv .  (iouki  never  completcii  these  anal- 
\ses  or  those  trom  his  intriguine  strength  measurements,  [-'or  these  studies 
a  dvnamumeter  ssas  devised  to  meaNure  something  approximating  deadlift 
perlormanee:  healths  While  soldiers  eould  lift  an  average  of  .VfO  pounds 
[n  -  I2.l.‘v7i.  with  a  strength  apex  at  24.5  years  of  age.  He  found  that  the 
bigger  men  were  the  stronger  soldiers,  with  mean  lifting  strength  equal  to 
about  2.25  to  2.5  times  their  body  weight,  although  Invquois  Indians  far 
surpassed  all  other  subjeels  m  this  measure  (Ciould.  1869).  Gould  also 
warned  about  a  signitieant  bias  that  is  still  a  problem  for  military  data 
eolleeted  today:  the  data  are  limited  beeause  they  pertain  to  only  one 
gender  and  "to  those  ;iges.  for  that  sex.  in  whieh  the  physical  changes  are 
least  marked." 

fhe  ultimate  report  consisted  of  only  a  portion  of  what  the  Sanitarv 
Commission  had  hoped  to  present  as  "an  incidental  contribution  to  military 
and  anthropological  know  ledge."  The  National  Academy  of  Sciences  pro¬ 
posed  to  follow  up  on  Gould  s  work  with  a  study  of  World  War  1  ilraftces. 
hut  the  study  was  turned  down  by  the  War  Department  as  inappropriate 
during  the  national  emergency  (Davenport  and  Love.  1921 ).  No  single  study, 
quite  as  ambitious  in  scope,  has  since  been  attempted. 

Standards  of  Physique  in  the  Civil  War:  Kye  of  the  Physician 

At  the  time  of  the  C'ivil  War.  general  regulations  specified  that  the 
surgeem  would  ascertiiin  whether  a  draftee's  "limbs  are  well  formed  and 
sufficiently  muscular  ...  his  chest  is  ample  and  well  formed,  in  due  pri'por- 
lion  to  his  height  and  w  ith  power  of  full  expansion  .  .  .  whether  the  abdomen  is 
well  formed  and  not  too  protuberant..."  (Baxter.  1875).  Height  and  chest 
circumference  measurements  were  to  be  considered,  but  only  as  part  of  the 
screening  physician's  subjective  "estimate  of  the  man's  physical  capacity." 
These  regulations  were  intluenced  by  standards  imposed  by  European  armies, 
such  as  the  British  and  French,  which  involved  minimum  heights  and  chest 
circumferences.  However,  in  those  countries,  the  standards  were  administered 
by  the  recruiting  officer  in  advance  of  any  medical  screening. 

Weight  was  less  consistently  assessed  during  the  Civil  War  hut  if  used, 
it  was  by  a  screening  physician  to  evaluate  for  underweight,  not  overweight 
(Ordronaux.  186.5).  Nevertheless,  conscripts  with  notable  obesity,  such  as 
one  5  l-inch  man  weighing  .51.^  pounds,  were  exempted  (Baxter.  1875).  Colonel 
letlidiah  Baxter  (1875)  summarized  the  rationale  for  physical  standards  of 
his  time: 

Weight  is  not  a  regiilaled  qiialily  in  any  code  of  laws  governing  the  enlist- 
nienl  of  rcemils.  fhe  eireumference  of  chest  thought  to  be  indispensable 
as  an  aeeompaniinent  to  certain  degrees  of  siature.  is  earefully  laid  dow  n  in 
the  English  regulations,  hut  weight  is  not  even  mentioned.  It  is  presumed 
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lhal  the  matter  is  left  to  the  discretion  of  the  examining  surgeon,  with 
whom  the  decision  as  to  the  other  qualities  named  might,  it  is  thought,  be 
also  left  vsith  advantage,  k  due  proportion  in  the  weight  is  quite  as  esseti- 
tial  m  the  soldier  as  a  well-formed  chest,  and  is  of  greater  importance  than 
loftv  stature,  in  former  titnes,  when  it  was  necessary  to  make  use  ol  a 
ratnrod  in  loading  a  musket,  men  ol  a  certain  height  were  absolutely  neces¬ 
sary  for  the  service:  but  in  these  days  of  breech-loading  arms,  a  man  from 
feet  to  5  feet  4  inches  in  stature,  and  well  proportioned  in  build  and 
wciuht  is.  ceteris  paribus,  as  serviceable  a  siildier  as  can  be  desired. 

Thus,  it  was  a  physician's  subjcclive  assessment  of  a  recruit  s  suitabili¬ 
ty  to  the  demands  of  military  service  that  determined  Civil  War  selections, 
and  this  evaluation  emphasized  adequate  weight,  height,  and  chest  size. 
The  first  U.,S.  Army  table  of  weighi-for-height  was  published  later,  in  1SS7 
(Reed  and  Love,  19.42). 

Published  Standards  for  Physician  (Juidance 

Rv  the  time  of  the  World  War  I  call-up.  the  earlier  physical  standards 
were  codified  with  specific  guidance  for  examining  physicians.  Desirable 
wetght-for-height  standards  were  clearly  specified,  but  men  who  were  evi¬ 
dently  vigorous  and  healthy  were  permitted  a  lower  minimum  weight  (Table 
.L4).  Relow  these  absolute  limits,  men  were  cla.ssificd  as  underweight, 
which  was  usually  grounds  for  rejection  (Love  and  Davenport.  1919),  Draftees 
were  also  rejected  for  deficient  chest  measurements  as  a  reflection  of  not 
being  "well  developed  and  muscular."  A  man  was  considered  unfit  lor 
military  service  if  general  examination  proved  him  to  be  “undersized,  un¬ 
derweight.  undeveloped,  pale  and  emaciated,  poorly  nourished  with  thin 
flabby  muscles,  or  manifestly  lacking  in  stamina  and  resistance  to  disease." 
In  contrast,  obese  applicants  were  eliminated  only  lor  overt  morbidity  or  if 
their  weight  was  excessive  for  cavalry  service  (Loster  et  al,.  1967).  Thus. 

variations  in  weight  above  the  standard  are  disqualifying  it  suflicicnt  to 
constitute  vuch  obesity  as  to  interfere  actually  or  potentially  with  normal 
physical  activilv,  as  may  be  evidenced  by  high  blood  pressure,  a  beginning 
nephritis,  breaking  down  ot  the  arches  ol  the  feel,  or  other  detects  incident 
to  Mich  condition.  No  applicant  w  ill  be  accepted  for  Cavalry  service  whose 
weight  IS  in  excess  ot  ISO  pounds  (AR  40-105.  192.^). 

In  1918.  2.6  percent  of  all  candidates  (approximately  7.5,000  men)  were 
rejected  for  military  service  for  being  underweight;  only  4.211  men  were 
rejected  for  obesity  and  others  classified  as  obese  were  still  accepted  for 
military  service  because  "(he  variation  was  correctable  with  proper  food 
and  physical  training  "  (Love  and  Davenport.  1920).  Thus,  obesity  was 
functionally  determined  by  the  examining  physician,  and  underweight  was 
now  defined  by  published  height-weight  tables. 


40 


KAHI.  /  I  RII  UI 


TABLE  3-4  LLS.  Army  SiamJyrds  for  Wci^’ht  and  Chest  Girth.  1917 


PcrmiNsihlc  Mimniuni 


.Standard 

Accepted  .Measurement 

Variation* 

licighi 

Weight 

Chest  Circumterence 

Weigh! 

('he**!  ('ircunitcrciKi 

(inches ) 

1  pounds  1 

1  inches)' 

(pounds) 

( inches)' 

bl 

1  IS 

4| 

1  to 

V) 

120 

.4) 

1  III 

124 

4| 

112 

.^0 

64 

I2S 

42 

114 

M) 

6S 

1  to 

42 

1  14 

66 

1.42 

42 

1  16 

.'()  i 

h"? 

1.44 

4  4 

1  IS 

M) 

6S 

141 

.4.4  4 

121 

M) 

tM 

I4H 

.4  4  ^ 

124 

.M 

l.s.s 

44 

12S 

.7  1  ) 

M 

102 

44  .  .; 

1.4  4 

7)  . 

I0» 

s4  '1 

1  4s 

71  ■  ) 

176 

5 

14,4 

.7:  ■  ; 

"4 

IS  .4 

a6  ! 

I4S 

Vx  . 

■'S 

l>)il 

1 

IS.s 

U  t 

76 

I')-’ 

XI  , 

161 

74  ‘  ; 

t-: 

204 

I6S 

.7^ 

7S 

21  1 

1  ’S 

7.'7  s 

Nnri\  .\  separate  table  lot  bilipiiios  uKlinlet!  a  lower  raituc  o!  hofghis. 

*  Variations  tnun  suuulard  pei nnssihle  when  appluani  is  active,  has  lirni  nuist.l'’s.  .kkI  is 
V  igonuis  aru)  healihv 

rhest  girth  at  e\pirati<‘n 

S(U  RCT.’  Selective  Service  Kegiil.itit'ns,  Pi  V|]l  iI^M7i:  later.  .\R  4i)  ips  y(.ith 

oni>  a  ^.hange  in  range  4>t  permissible  heights,  beginning  at  (i4  inches 


Fhe  minimum  standards  were  also  clearly  rooted  in  health  and  mini¬ 
mum  strength  concerns.  Love  and  [Davenport  1 192(9  noted  that  "common 
observation  indicates  that  the  Southern  men  have  a  tendency  to  lankiness, 
and  tilts  has  often  been  attributed  to  infection  «ith  malaria,  hookworm,  and 
other  parasites  found  prevailingly  in  the  South  "  Taller  men  were  also 
required  to  carry  greater  weight-for  height,  with  a  linear  7  pound/inch  in¬ 
crease  abo\e  average  height  (approximately  68  inches)  in  the  tabled  values. 
This  requirement  may  have  reflected  a  bias  against  young  tuberculous 
men.  Pulmonary  tuberculosis,  if  not  readily  evident,  was  screened  by  lou 
weight.  It  was  particularly  suspected  in  tall  persons  (Davenport  and  Love. 
1921)  because  tuberculous  men  averaged  1/2  inch  more  in  height  and  12 
pounds  less  in  weight  (n  =  10.701)  compared  to  the  average  ol  healthy 
World  War  1  registrants  (Davenport  and  Love.  1921 ).  Regardless  of  how  it 
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was  established,  this  standard  served  to  eliminate  onl\  the  lowest- 
weight  men. 

WORLD  WAR  II  HKKJHT-WKKiHT  STANDARDS 

I'he  I'.S.  .Arms  height-weight  tables  used  tor  World  War  II  draftees 
still  contained  no  upper  limit  of  bod\  weight,  onl>  prescribing  desirable 
standards  and  lower  limits  for  weight  and  chest  circumference  (Foster  et  al., 
Id67(.  Idle  previous  standards  were  slightly  modified,  with  chest  circiim- 
teiences  set  to  regular  1/4  inch  increments  and  ideal  weight  increased  by  4 
pounds/inch,  above  64  inches  in  height  (I'able  .V5).  The  chest  circumfer¬ 
ence  standards  were  consistent  with  scientilic  data  demonstrating  this  rela¬ 
tionship  between  chest  girth  and  height  in  over  2.‘s0,()00  20-21  year  old 
Italitin  men  (Frassetto.  1026).  I  he  ''siandarir'  values  of  w  eight  were  much 
ch'ser  to  the  "desirtible  "  weights  for  20-year-old  men  in  the  1012  Medico- 


r.VBLI'.  3-5  .Staiuhiid  and  Vlinimum  Measurements  of  Height.  W'eight. 
and  (  ircumference  ot  Chest.  I  .,S.  .Army.  1040 
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\feavurenKn( 
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U  ciehl 
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\  pOUTUi^  1 

1  nil.  Fk'm* 
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Ml 

I  Ih 

M  : 

HIS 

2S  '  ! 

f'l 

1  !•' 

O  . 

iir 

c: 

i:: 

O  1 

III') 

24  ; 

fa  ' 

1 

1 1 1 

24 

hi 

i 

O  1 

1C 

■'n  /, 

fo 

! 

O  -• 

1  I.S 

1(1 

1  'h 

12  ’r 

1  17 

10  '  1 

h  ■ 

1  U) 

o 

i.:i 

10 

hS 

144 

u  ■  , 

I/s 

10  t 

14H 

1  i  ' 

l/H 

M 

'(' 

is: 

1 1  ■- 

Ml 

.1  i  .  . 

’1 

1^6 

14 

1  17 

11 

ifid 

,14  /. 

Ml 

11  1 

•'  ; 

164 

14 

MS 

M 

I6S 

14  ^  . 

Ml 

42  ; 

1 

IS 

ISl 

12 

^h 

176 

1>  1 

IS,' 

12  '  . 

.IS 

IM 

1 1 

1S4 

1^  . 

U.s 

1 1 

M'lu'si  circiinitorcncc  to  K’  taken  al  expiration 
SOI  Rt  F'  Mohili/alion  Repulalion  I  ‘*(1^40) 
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\ctiiarial  tabk-s  (IJavcnport,  l‘)23).  and  minimum  weights  were  set  at  roughlv 
h()  percent  nt  the  tlesirable  \ allies  at  each  height  t Newman,  1952).  Men 
were  imaecepiable  tor  military  st^rviee  if  they  were  less  than  105  pounds  in 
weight  or  if  "overweight  which  is  greatly  out  of  proportion  to  the 
height  .  .  .  interferes  with  normal  physical  activity  or  with  proper  training." 
Ihe  latter  category  was  still  to  be  considered  if,  in  the  opinion  of  the 
examining  physician,  the  variation  was  correctable  with  proper  food  and 
physical  training  (koster  et  al..  .967). 

.A  well-circulatcu  legend  claims  that  in  the  early  1940s.  17  out  of  25 
professional  football  players  studied  by  the  Navy  physician  Albert  Behnke. 
were  found  i  'fit  for  military  service  because  they  were  overweight  (Wek 
liani  and  Behnke,  1942).  litis  convenient  example  illustrates  the  possibili¬ 
ties  for  mismatch  between  ove'we  ght  and  overfat;  this  group  was  estimated 
to  have  a  mean  body  fat  of  less  than  10  percent,  and  by  performance  criteria 
these  men  would  be  expected  to  be  combat-effective  soldiers.  They  were 
not.  in  tael,  likely  'o  h.ne  been  rejected.  Ihe  1940  mobili/alii'ii  rcgulatii'iis 
specilied  that  men  whose  weight  was  greater  than  the  standard  weights  for 
height  would  be  classified  I -.A  "prov  iued  that  the  overweight  is  not  so 
excessive  as  to  interfere  with  military  training."  Welliam  and  Behnke  (  1942) 
only  suggested  that  "according  to  standard  height-weight  tables,  these  men 
i  on/./  he  classitied  as  unfit  for  miiitaiy  serv  ice"  based  oti  the  qualifier,  "if 
,in  allowance  of  15  /lercent  above  the  average  values  in  the  t.ibles  is  consid¬ 
ered  as  the  upper  limit."  'I'hey  proposed  instead  that  a  body  density  ot 
1 .06().  corresponding  to  ,m  estimate  of  .’bout  17  percent  body  fat  by  the  .Siri 
eqii.ition  i  1961 ),  be  used  as  the  di  criirmator  for  the  rejection  of  the  obese. 
Neither  this  theoretical  nor  their  proposed  standard  was  applied  to  draftees 
in  World  War  II 

Ihe  first  height-weight  tables  lor  .vomen  were  created  in  a  World  War 
If  regul.ition  lAR  40-109.  0)42).  These  tables  which  applied  only  to  the 
I  .S.  Army  Nurse  Corps,  broke  down  acceptable  weights  by  age  categories 
tin  regular  5  year  .ige  intervals).  Ii  prescribed  that  "the  permissible  v.iria- 
iion  below  the  standard  for  age  is  15  pounds,  with  Ihe  exception  that  no 
applicant  will  be  .icccpied  whose  weight  is  less  than  105  pounds"  (Foster  et 
ai..  |067i.  It  also  hinted  at  an  upper  end  of  acceptable  weigl.i  with  the 
admoniiion  th.ii  "the  weight  for  each  height  loi  the  age  group  26  to  .kl  is 
the  ide.il  one  to  maint.iin  ihereafi'T."  The  introduction  of  physical  stan¬ 
dards  lor  women  may  have  caused  the  demise  of  chest  cir^umfetence  and 
mobility  si.ind.irds. 

Alter  World  W.ir  1|.  the  preoccu(' 'lion  with  underweight  recruits  re¬ 
mained  This  emphasis  w.is  .igain  clear  :n  a  study  by  Ihe  engemcisi  Frnest 
llooton  who  w.is  conir.icted  by  the  Army  to  somatolype  40. 000  sep.iralees 
.mu  io  establish  common  assoc i.itions  within  their  former  milil  <■  speci.d 
ties.  Ihe  l.iree  and  lat  extreme  was  rni  necessarily  undesir.iblc:  a  desirable 
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cdiiibat  sdkiier  "type  "  could  be  both  extremely  I'at  and  muscular,  “a  tremen¬ 
dously  pouertui  and  impressive  man,"  in  Hoolon's  words.  .  .  types  fre¬ 
quently  seen  in  professit)nal  wrestlers  and  professional  football  linemen." 
while  there  was  nothing  good  about  a  low-weight  man.  represented  as  cither 
"thin,  meagre,  poorly  muscled"  types,  or — if  they  had  some  body  fat — as 
"well  nourished  weaklings"  (Mooton.  Thus,  fatness  was  not  an  is¬ 

sue;  the  important  discriminator  for  military  performance  was  an  adequate 
fat-free  mass. 

When  the  Army  anthropologist,  Russell  Newman  (I9.‘i2),  proposed  the 
use  of  body  fat  to  assess  soldiers,  he  was  still  concerned  with  low-weight 
soldiers,  not  overweight  soldiers: 

What  are  rcalK  needed  arc  mininiutii  standards  based  on  lean  body  weight 
(obtainable  through  assessment  of  body  latt.  The  standards  obviously  should 
exclude  men  with  insufficient  nuisculalure  satisfactorily  to  perform  mili 
lary  tasks  and  not  penali/e  men  whose  ntusculalure  is  adequate  but  vclio 
are  low  in  weight  because  they  are  low  in  fat. 

This  emphasis  ott  underweight  continued  up  to  I960.  Obesity,  in  its  lesser 
forms,  was  considered  traintible  and  was  not  a  reason  for  exemption. 

Dor  elopmenf  of  Current  Accession  Standards 

In  I960,  the  sitindiirds  applied  to  candidates  for  miliiary  serxice  (acces¬ 
sion  siandttrdsi  established  minimum  weights  for  height  and — in  ri-ycar  age 
increments  -maximum  weights  for  height  tor  men  ;md  women  (  AR  4(l-.''0i. 
|960i.  Outside  ot  these  limits,  candidates  were  to  be  rejected  for  Army 
service.  1  he  soiirce  ot  these  standards  is  uncertain,  but  they  were  quite 
liberal;  upper  limits  lot  men  were  appro.ximateiy  140  percent  of  the  axerage 
weights  tabulated  by  the  U..S.  Army  Office  of  the  .Surgeon  General  for  over 
()..s  million  Black  and  White  World  War  II  Selective  Service  registrants 
(Karpinos,  l9.hS),  ,At  some  point  in  the  three  do/en  changes  issued  for  this 
regulation,  the  tables  were  chtmged  so  that  by  19X.^.  the  maximum  xveight 
limits  for  women  had  been  lowered  by  l.S  to  20  pounds  from  the  I960 
tables  (.AR  40  .“xOI,  I9S.G.  This  change  made  the  tables  for  women  consid¬ 
erably  more  restrictive  relative  to  the  national  population  and  more  strin¬ 
gent  compared  to  the  tables  for  men.  These  accession  tables  are  the  current 
basis  of  entry  to  the  Army,  although  body  fat  assessment  can  noxv  be  per- 
lormed  at  the  Military  I’ntrance  Processing  Station  (MBPS)  as  a  secondary 
criterion  if  a  candidate  exceeds  tabled  maximum  values  (I'.S.  Department 
of  the  Army.  I  9SS  i. 

1  (itil  the  1960s.  body  si/e  siandtirds  pertained  only  to  accessions.  Ob- 
xiously.  there  was  no  special  concern  that  once  in  the  Army,  soldiers  might 
become  undcrxvcighi.  and  if  they  did.  then  it  was  a  medical  problem.  Hoxx 
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ever,  fitness  levels  could  diminish.  Thus,  until  1976,  body  weight  was  a 
screening  tool  that  excluded  only  the  extremes  of  underweight  and  obesity 
(at  least  for  men),  while  a  separate  regulation  detailed  physical  fitness  tests, 
which  periodically  assessed  physical  performance  in  active  duty  soldiers. 

Combat  readiness  was  the  concern  of  President  Theodore  Roosevelt 
when  he  initiated  an  early  version  of  the  Army  Physical  Fitness  Test  for 
officers,  known  as  t^  e  Annual  Test  Ride.  He  had  observed  “field  officers 
who  were  physically  unable  to  ride  even  a  few  miles  at  an  increased  gait." 
and  he  announced  that  it  was  "essential  that  field  officers  of  the  line  of  the 
Army  should  be  at  all  times  physically  fit  and  able  to  perform  the  duties 
pertaining  to  their  positions"  (U.S.  War  Department.  F'()7a).  The  Presi¬ 
dent's  solution  was  explicit:  he  told  the  Secretary  of  War  that  "as  I  believe 
that  such  physical  fitness  can  only  be  demonstrated  by  actual  physical  tests, 
1  desire  that  you  give  the  necessary  directions  .  .  .,"  and  he  outlined  manda¬ 
tory  tests,  such  as  “cavalry  marches  of  not  less  than  .K)  miles  per  day  for 
three  days  in  succession,  under  conditions  suitable  to  the  making  of  forced 
marches  in  active  field  operations"  (U.S.  War  Department.  19()7b).  He  also 
wanted  the  names  reported  for  any  officers  who  fell  out  of  these  marches 
and  directed  that  "appropriate  action  be  taken  in  the  cases  o)  all  officers 
found  not  qualified  physically  for  active  service."  Specific  tests  of  physical 
performance,  such  as  the  Annual  Test  Ride,  were  once  useful  in  the  Army; 
however,  today's  Army  may  be  too  diversified  to  routinely  screen  soldiers 
using  realistic  combat  performance  tests.  The  current  U.S.  Army  Physical 
Fitness  Test  assesses  primarily  aerobic  fitness  with  a  2-mile  run  test  in 
addition  to  push-up  and  sit-up  tests;  these  standards  are  for  retention,  not 
accession,  and  are  more  leniently  enforced  than  body  fat  standards. 

A  physical  test  that  assesses  the  principal  demands  of  modern  Army 
work — carrying  and  lifting  capacity — has  never  been  effectively  used  as  a 
physical  accession  standard.  One  previous  effort  in  this  area  failed  because 
of  policy  considerations  that  rendered  the  standards  meaningless.  Fxten- 
sivc  Army  research  resulted  in  the  development  of  a  dynamic  lift  devicf" 
(MFPSC’AT),  which  is  currently  installed  in  every  MEPS  (Myers  et  al.. 
I9H4;  Teves  et  al..  198,5).  MEPSCAT  was  designed  to  screen  soldiers 
being  considered  for  occupational  specialties  that  routinely  require  heavy 
lifting.  It  was  shown,  for  example,  that  only  2  out  of  more  than  200  women 
who  were  contracted  for  heavy  lifting  specialties  as  recruits  could  meet  the 
minimum  standards  when  screened  by  the  device,  and  should  have  been 
redirected  to  other  jobs  (Teves  et  al.,  1985).  However,  the  standards  now  in 
place  detect  only  a  few  of  the  weakest  individuals  and  still  do  not  prevent 
them  from  being  routed  to  those  specialties  where  their  chances  of  injury 
and  unsatisfactory  performance  are  expected  to  be  increased. 

Thus,  body  weight  and  body  fat  standards  are  the  only  physical  stan¬ 
dards  currently  used  that  actually  exclude  or  eliminate  individuals  for 
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unsuitahility  on  the  basis  of  combat  readiness  (and  military  appearance). 
Body  fat,  however  poor  as  a  correlate  of  physical  performance,  is  used  as  a 
surrogate  measure  of  physical  fitness  because  thin,  lean  soldiers  look  more 
physically  fit  than  large,  fat  soldiers.  This  new  emphasis  on  overweight  and 
fatness  began  in  1976  when  new  retention  standards  were  issued. 

RETENTION  STANDARDS  IN  THE  MILITARY 

Potbellies  and  the  Army  Weight  Control  Program 

A  significant  revision  of  AR  600-9  (1976)  combined  the  U.S.  Army 
Physical  Fitness  and  Weight  Control  Program  regulations.  This  was  a  re¬ 
sponse  to  concern  that  Army  personnel  were  becoming  too  sedentary  and 
were  not  maintaining  desired  levels  of  physical  fitness.  Quite  simply,  the 
.Army  leadership  felt  that  there  were  too  many  obese  soldiers.  The  previous 
L!.S.  Amiy  Weight  Control  Program  (AR  632-1,  1972.  classified  under  “Standards 
of  Conduct  and  Fitness")  was  weak;  it  referred  to  the  height-weight  tables 
m  the  accession  regulation  (tables  that  were  liberal  for  men)  and  recom¬ 
mended  that  soldiers  exceeding  these  tables  be  put  on  a  weight  loss  pro¬ 
gram.  1  he  new  regulation,  developed  under  the  direction  of  General  Ber¬ 
nard  Rogers,  established  a  new’  and  separate  set  of  maximum  and  minimum 
height-weight  standards  to  be  maintained  by  all  active  duty  soldiers  and 
added  specific  penalties  for  soldiers  who  were  judged  to  be  obese  and  did 
not  satisfactorily  change  to  achieve  standards.  The  male  upper  limit  was 
27. .5  kg/m'  or  12.5  percent  of  the  World  War  II  male  "standard"  weights. 
This  upper  limit  was.  in  turn,  based  on  the  "desirable"  weights  for  men.  age 
20.  in  the  1912  Medico- Actuarial  tables  (Davenport.  1923).  which  repre¬ 
sented  average  weight-for  height  of  the  insured  IfS.  population  at  the  turn 
of  the  century  (Figure  3-3).  The  upper  limit  for  women  was  23.7  kg/m'. 
Both  of  these  new  male  and  female  standards  for  retention  in  the  Army 
were  consid'’rably  more  stringent  than  the  accession  weight  standards  (,AR 
4()-.5()| ,  1960)  at  that  time.  (A  later  change  in  the  accession  standards  made 
accession  and  retention  standards  for  women  equally  stringent). 

The  stated  emphasis  of  this  regulation  was  physical  fitness;  "It  is 
essential  to  the  readiness  and  combai-effectivencss  of  the  Army  that  every 
soldier  be  physically  fit  regardless  of  age  or  duty  assignment."  Weight 
control  and  military  appearance  were  given  as  related  aspects  of  fitness. 
The  two  stated  objectires  of  weight  control  were  very  similar  to  the  most 
current  ones;  "(a)  maintain  the  weight  of  all  personnel  at  a  level  which  is 
best  suited  to  permit  them  to  perform  their  duties  in  a  peacetime  or  combat 
environment,  and  (b)  present  a  smart  soldierly  appearanee  expected  of  a 
combat  ready  Army."  However,  the  importance  of  appearance  was  specifi¬ 
cally  acknowledged  in  a  remarkable  paragraph; 
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EKillRE  ,1-1  Evolution  of  U.S  Arnty  wcijihi-lor-hcighi  lahlov  lor  men. 

NOTE:  The  ''tlesirable  '  weights  of  the  1912  Medieo-Aetuarial  tables,  representitig 
the  tnean  values  for  insured  tnen  at  age  2(1.  formed  the  basts  of  the  World  War  II 
■'standard"  weights.  Even  "evidentiy  vigorous  and  healthy  men"  who  fell  below  90 
pereeni  of  these  weights  were  usually  e.\eluded  from  service.  In  1976.  General 
Rogers  established  a  new  maximum  weight  limit  for  active  duty  soldiers  to  observe 
(standards  for  retention  in  the  Army):  this  was  12,5  percent  of  the  World  War  II 
standard  wetghts.  1  his  limit  later  became  the  screening  weight  standard  for  the  40- 
and-over  age  category  in  the  new  two-tiered  U  .S.  Army  Weight  Control  Program, 
with  a  secondary  body  fat  assessment  for  the  high  risk  individuals.  More  stringent 
weight  screens  and  body  tat  standards  extend  down  to  the  youngest  age  category  ( 17 
to  20  years),  illustrated  here  as  the  retention  screen  (triangle  symbols).  The  current 
"accession  "  wetghl  maxitiium.  which  determines  entry  into  the  .Army,  is  also  shown 
lor  this  youngest  age  group  (diamond  symbols). 


The  w  earing  of  the  Army  uniform  should  be  a  matter  of  personal  pride  and 
satisfaction.  Each  soldier  is  a  representative  of  the  United  States  Govern¬ 
ment.  and  should  have  a  physical  configuraiton  and  posture  when  in  uni¬ 
form  that  is  trim  and  smart.  Waistlines  that  stretch  (he  front  of  an  other¬ 
wise  well-fitting  blouse  or  shirt,  and  "pot-bellies"  detract  from  good  military 
.ippearance,  |AR  60()9,  1976) 
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Obesity  was  detitteci  as  excessive  tat  "implying  excessive  caloric  intake  or  a 
sedentary  existence  or  both,  as  causative  factors"  (AR  600-9.  1976),  Much 
responsibility  was  placed  on  the  commander  to  prevent  this  through  early 
detection:  "Particular  attention  must  be  directed  to  the  general  military 
appearance,  physical  condition,  and  the  ability  to  perform  assigned  duties." 
Thus,  obesity  was  an  implied  cause  of  poor  military  performance. 

The  firm  weight  standard,  imposed  to  determine  who  needed  to  be 
screened  for  obesity  ,  w  as  followed  with  the  proviso  that  maximum  weights 
"were  not  to  be  utilized  as  the  sole  criterion  for  a  classification  as  obese." 
It  was  acknowledged  that  "evaluation  of  the  body  build,  muscular  devel¬ 
opment,  and  bone  structure"  may  be  necessary  to  differentiate  between 
overweight  and  obese.  The  specific  guidance  to  the  examining  physician 
was  that 

a  view  ol  the  entire  body  should  he  taken,  noting  the  proportions,  symme¬ 
try  of  the  various  parts  of  the  body,  chest  development,  abdominal  girth, 
and  the  condition  and  tone  of  the  muscles.  An  overweight  member,  who  is 
obv  iously  active,  of  firm  musculature,  evidently  vigorous  and  healthy,  and 
who  presents  a  satisfactory  military  appearance,  should  not  he  classified  as 
obese,  (AR  6()0-d,  ld7M 

Those  instructions  read  very  much  like  those  given  to  physicians  who  screened 
Civil  War  draftees  a  century  before.  As  in  all  preceding  regulations,  this 
one  called  for  the  subjective  determination  by  an  Army  physician — although 
now  it  was  also  the  responsibility  of  unit  commanders  to  "identify  and 
counsel  all  personnel  who  do  not  present  a  suitable  military  appearance  or 
satisfactory  level  of  physical  fitness  because  of  an  obese/overweight  con¬ 
dition."  The  regulation  thus  provided  a  safety  margin  between  precise 
weight  standards  and  the  elimination  of  good  soldiers  from  the  Army. 


Department  of  Defense  Directive  1308.1 
and  the  H.S.  Army  Body  Fat  Standards 

In  1980.  President  Jimmy  Carter,  another  health-  and  fitness-minded 
President,  asked  for  an  assessment  of  military  physical  fitness  programs.  A 
review  was  conducted  by  a  panel  of  government  scientists  (Study  of  the 
Military  Services  Physical  Fitness.  1981).  and  a  Department  of  Defense 
(DOD)  directive  was  issued  based  on  their  recommendations  (DOD  direc¬ 
tive  1,708.1,  1981  ).  Included  was  a  requirement  that  the  services  use  body 
fat  standards  to  assess  obesity.  It  was  directed  that  weight  tables  would  still 
be  used  as  a  preliminary  screen  for  retention  standards,  but  the  final  deter¬ 
mination  would  be  based  on  a  new  objective  body  fat  assessment  prttcedure 
instead  of  the  physician  s  assessment. 

Obesity  was  defined  by  the  panel  as  anything  over  22  percent  body  fat 
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for  men  and  29  percent  for  women.  De.sirable  body  fat  figures  were  origi¬ 
nally  to  be  15  percent  for  men  and  23  percent  for  women.  These  values 
were  based  on  a  consensus  by  panel  members  who  felt  that  the  figures 
would  require  revision  as  a  better  understanding  was  gained  of  the  relation¬ 
ship  between  health  and  body  fat.  Health  concerns  brought  body  fat  assess¬ 
ment  into  the  recommendations.  However,  health  was  construed  to  be  a 
subset  of  military  performance  in  terms  of  "man  hours  lost  due  to  minor 
illnesses  and  lack  of  vigor."  The  panel’s  report  (Study  of  the  Military 
Services  Physical  Fitness,  1981)  noted  further  that 

,  .  to  design  our  physical  fitness  programs  in  the  military  with  the  singu¬ 
lar  focus  on  health  enhancement  and  long-range  health  care  cost  savings 
would  he  an  error  in  .  .  emphasis  (since]  the  most  fundamental  goal  of 
military  physical  fitness  programs  and  research  efforts  must  be  that  of 
making  the  personnel  of  the  Services  as  fit  for  combat  as  possible  .  .  .  The 
American  people  are  supporting  the  defense  establishment  with  the  under¬ 
standing  that  all  our  personnel  are  fit  to  fight  and  win. 

In  this  way,  the  use  of  body  fat  for  health  screening  became  confused 
with  military  performance  objectives;  it  was  easy  to  transfer  body  fat  to 
physical  performance  w  ithout  hard  data  because  of  the  pervasive  notion  that 
a  soldier  who  looks  fat  cannot  adequately  perform  military  duties.  Never¬ 
theless.  the  DOD  directive  still  indicated  a  health  goal  in  the  use  of  body  fat 
standards  and  it  noted  that  "standards  shall  be  evaluated  for  consistency 
with  health-fat  relationships."  The  panel  had  relied  heavily  on  the  textbook 
of  McArdle  et  al.  (1981)  for  their  recommendations  (Study  of  the  Military 
Services  Physical  Fitness.  1981).  This  text  suggested  20  and  30  percent 
body  fat  for  men  and  women  as  desirable  goals  for  all  purposes:  these 
values  included  a  statistical  interval  of  5  percent  body  fat  units  over  the 
average  fatness  of  fit  young  men  ( 15  percent  body  fat)  and  women  (approx¬ 
imately  25  percent  body  fat)  (McArdle  et  al..  1981).  The  DOD  directive 
that  finally  emerged  recommended  20  and  26  percent  body  fat,  with  ser¬ 
vices  "authori/ed  to  set  more  stringent  standards."  The  panel  apparently 
wanted  to  bring  standards  for  women  closer  to  the  standards  for  men.  Fhese 
recommended  standards  were  not  based  on  health  studies  related  to  body 
fat,  but  rather  on  the  mean  values  of  fit  individuals  in  the  youngest  adult 
category.  Indeed,  translating  current  body  mass  index  health  recommenda¬ 
tions  (Surgeon  General's  Report  on  Nutrition  and  Health.  1988)  into  body 
fat  would  set  limits  for  young  men  and  women  al  about  26  and  36  percent 
body  fat,  respectively. 

The  body  fat  standards  in  the  DOD  directive  were  construed  to  he 
recaimmended  goals,  and  each  service  set  their  standards  differently.  The 
Army  standards  that  were  set  revolve  around  the  base  value  of  20  percent 
bivdy  fat  for  young  men.  They  were  established,  in  part,  on  the  basis  of 
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Armv  data  <tn  aerobic  capacity  of  young  male  soldiers  (Vogel  el  al.,  1986), 
where  a  modest  intlection  point  was  inferred  with  lower  maximal  oxygen 
uptake  above  2(1  percent  body  fat.  The  remainder  of  the  standards  were 
largely  linked  to  this  single  value.  Two  percent  body  fat  increments  were 
included  for  increasing  age,  very  roughly  by  decades  (Table  3-2),  to  accom¬ 
modate  accepted  but  poorly  quantified  age-related  changes  in  body  compo¬ 
sition.  Standards  for  women  were  set  at  8  percent  body  fat  above  those  for 
men  in  each  age  category  to  account  for  gender-specific  "essentiar'  body 
fat.  In  retrospect,  this  8  percent  difference  for  women — another  "consen¬ 
sus”  value — may  have  been  overly  restrictive.  Certainly,  the  DOD  recom¬ 
mendation  of  26  percent  body  fat  was  too  restrictive  even  for  the  youngest 
women,  because  .Army  data  which  were  available  at  that  time  demonstrated 
that  the  average  body  fat  of  young  women  entering  the  Army  was  closer  to 
28  percent. 

This  scheme  for  the  standards  also  preserved  the  stringency  of  the  pre¬ 
vious  1976  standards,  a  consideration  in  setting  the  Army  body  fat  stan¬ 
dards.  The  1976  maximum  weights  for  men  and  women  were  assigned  as 
the  screening  weights  for  age  40  (and  over),  and  these  appeared  to  suitably 
screen  individuals  who  approached  26  percent  (men)  and  34  percent  body 
fat  (women),  (Some  adjustments  were  later  made,  with  a  5  percent  increase 
in  all  table  weights  for  women.)  This  approach  helped  to  establish  upper 
limits  of  fatness  for  the  oldest  age  category  (Colonel  D.  D.  Schnakenberg. 
personal  communication).  Body  fat  standards  for  the  intermediate  age  cate¬ 
gories  were  then  arbitrarily  interpolated  between  the  20  and  26  percent 
tnale  body  fat  limits,  with  8  percent  added  for  women.  Thus,  the  current 
Army  body  fat  standards  were  adopted  as  best  guesses  of  performance - 
related  standards,  with  consideration  given  to  existing  weight  standards. 
At  the  lime  these  standards  were  required  to  be  enacted,  the  20  percent 
body  fat  standard  for  young  men  was  a  relatively  soft  relationship,  and 
the  other  values  were  not  based  on  any  empirically  determined  per¬ 
formance  relationships. 

Attempts  to  empirically  study  the  relationship  of  fatness  to  military 
performance  in  women  are  seriously  hampered  by  the  narrow  range  m  body 
weights  of  accepted  Army  women.  This  (imitation  is  a  result  of  the  acces¬ 
sion  weight  standards,  which  are  sufficiently  stringent  that  they  exclude 
28.7  percent  of  otherwise  qualified  young  U.S.  women  (Laurence,  1983. 
1988),  There  is  aiso  little  difference  between  accession  and  retention  stan¬ 
dards  for  women,  so  that  substantially  ovcrfai  women  do  not  remain  in  the 
Army.  Thus,  studying  Army  women  cannot  provide  enough  information  to 
determine  if  higher  body  fat  limits  could  be  compatible  w  ith  female  military 
performance.  The  male  accession  standards,  by  comparison,  allow  young 
men  as  much  as  a  4()-pound  margin  over  the  screening  weights  for  bodv  fat 
iFigure  3-3  i.  Thus,  few  men  (3.0  percent)  are  excluded  from  joining  \hc 
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Arrtn  (Laurence.  19S8).  even  though  some  never  achieve  their  fat  standards 
and  are  later  eiiniinated  under  provisions  of  the  U.S.  Army  Weight  Control 
Program  regulation. 

•Attrition  from  the  Army  is  one  of  the  useful  end  points  to  test  the 
validity  of  body  fat  standards.  It  captures,  in  effect,  unsatisfactory  military 
performance  for  all  reasons.  If  applied  to  new  recruits,  it  is  not  confused  by 
separation  for  failure  to  meet  the  standards  of  the  weight  control  program. 
It  can  be  reasonably  predicted  that  at  some  level  of  fatness,  fitness  is  im¬ 
paired  enough  to  increase  attrition  of  recruits  from  the  Army.  This  assump¬ 
tion  was  originally  suggested  by  M.  T.  Laurence  (1988)  who  demonstrated 
higher  attrition  rates  for  individuals  above  120  percent  and  below'  80 
percent  of  national  mean  weights.  The  upper  end  would  correspond  to  men 
with  a  mean  body  fat  of  approximately  26  percent.  Although  there  are  few- 
male  .Anny  reciuits  above  this  level,  there  is  a  trend  toward  higher  attrition 
of  male  recruits  with  increasing  fatness  (Friedl  et  al..  1989).  There  is  no  such 
relationship  apparent  for  wonien.  presumably  because  of  the  even  more  re¬ 
stricted  range  of  body  fat.  There  is.  however,  a  significantly  higher  attrition  of 
women  in  the  lower  end  of  body  mass  index,  which  suggests  that  some  mini¬ 
mum  level  of  fat-free  mass  is  important  to  success  of  women  in  the  .Army. 

Development  of  .Army  Body  Fat  Equations 

•An  .Army  study  was  conducted  to  establish  population-specific  body  fat 
equations  that  could  be  used  by  soldiers  to  estimate  body  fat  without  special 
instruction  and  without  costly  equipment  (Vogel  et  al..  1988).  As  an  inter¬ 
im  (198.^-1986)  method  of  body  fat  measurement,  the  Army  adopted  the 
Durnin-Womersley  skmfold  equations  (Durnin  and  Womersley.  1974;  AR 
600-9.  1984).  7'his  method  required  the  standardization  of  measurement 
procedures  by  trained  medical  personnel  throughout  the  .Army,  using  appro¬ 
priate  equipment  (usually  Lange  calipers).  Commanders  were  distressed  by 
the  difficulty  of  obtaining  consistent,  accurate  skinfold  measurements  and 
by  the  jump  in  boily  fat  that  occurred  between  certain  birthdays  for  the 
same  sum  of  skinfold  measurements  (because  of  the  organization  of  the 
i.ible  by  age  intervals).  Accordingly,  the  new  method  was  to  use  simple 
measurements  and  avoid  the  use  of  age.  The  D017  directive  noted  that  this 
assessment  was  to  be  applied  only  to  the  high-risk  (of  obesity)  group  who 
tailed  an  initial  weight  screen.  A  later  amendment  to  the  directive  (Df)I) 
directive.  1.108.1,  1987)  also  required  the  services  to  use  a  circumference- 
based  method,  developed  by  comparison  to  hydrostatic  weight,  which  achieved 
.1  minimum  correlation  of  ().8.S  (neither  population,  sample  size,  nor  stan¬ 
dard  error  of  the  estimate  were  specified). 

[he  .Army  circumference  equations  were  developed  from  a  study  in 
1984  and  198.8  in  which  .[8  anthropometric  measurements  were  obtained 
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iPDin  an  ethnically  diverse  sample  of  Army  personnel  at  Fort  Hood.  Texas 
and  Carlisle  Barracks,  Pennsylvania,  totalling  1,126  men  and  266  women 
(Vogel  et  al.,  1988),  The  male  equation  estimates  percent  body  fat  from 
the  difference  of  the  abdominal  circumference  (at  the  navel)  and  the  neck 
circumference,  and  a  height  factor  is  deducted.  The  female  equation  uses 
hip  circumference  and  body  weight  as  components  of  fatness,  with  neck, 
wrist,  and  forearm  circumference  and  height  factors  having  a  lowering  ef¬ 
fect  on  estimated  percent  body  fat.  Because  this  was  a  cross-sectional 
study,  it  did  not  validate  the  use  of  the  equations  to  follow  individuals  over 
periods  of  weight  loss  or  body  composition  change.  In  fact,  there  is  some 
question  about  whether  anthropometric  equations,  in  general,  can  be  accu¬ 
rately  used  to  follow  percent  body  fat  change  during  weight  loss,  although 
they  are  routinely  used  this  way.  Because  the  development  of  these  equa¬ 
tions  is  discussed  and  critiqued  elsewhere  in  this  book,  only  a  few  points 
will  he  highlighted  here. 

The  Army  equations  may  be  reasonably  good  predictors  of  total  body 
fat  in  an  ethnically  diverse  population,  but  this  is  difficult  to  evaluate  using 
percent  body  fat  estimated  by  hydrostatic  weighing,  because  the  latter  is  so 
greatly  influenced  by  variations  in  bone  density.  There  is  also  a  problem  in 
obtainiiig  good  hydrostatic  weight  measurements  from  nonswimmers  who 
are  uncomfortable  with  perforn’ing  maximal  exhalations  under  water;  Black 
women  were  particularly  ovenepresented  in  the  subpopulation  of  excluded 
hydrophobic  subjects  from  the  Army  Body  Composition  .Study  (Vogel  et 
al.,  1988).  fhe  method  of  residual  volume  determination  used  in  conjunc¬ 
tion  with  hydrostatic  weighing  may  also  produce  significant  differences  in 
estimated  body  fat.  especially  for  men  (Forsyth  et  a)..  1988).  .Anthropomet¬ 
ric  methods  may  be  more  equitable  than  hydrostatic  weighing  across  ethnic 
and  gender  groups,  although  this  can  only  be  established  using  another 
criterion  method. 

Because  circumference  measurements  necessarily  emphasize  certain 
sites,  the  standards  become,  in  effect,  circumference  standards  instead  of 
total  body  fat  standards.  Accordingly,  soldiers  arc  not  allowed  to  pick  and 
choose  their  method  of  body  fat  estimation;  they  are  held  to  Army  circum¬ 
ference  standards.  This  is  reasonable  if  it  can  be  demonstrated  that  desired 
objectives  are  still  achieved  using  this  standard.  In  fact,  the  circumference 
at  the  navel  is  a  good  site  selection  for  men  (a)  as  a  marker  of  fitness, 
because  it  is  the  primary  fat  storage  site  in  overnourished  and  underexercis- 
mg  men;  (bi  as  the  single  fat  site  most  correlated  with  long-term  health  risk 
lactors  including  reduction  of  HDl. -cholesterol,  reduced  glucose  tolerance, 
and  directly  with  cardiovascular  mortality;  and  (c)  as  the  primary  site  of 
concern  in  appearance  (the  potbelly).  It  can  also  be  shown  from  the  data 
how  abdominal  circumference  increases  linearly  (in  proportion  to  hip  cir¬ 
cumference)  with  hydrostatically  estimated  percent  body  fat.  although  the 
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strength  of  this  relationship  is  less  important  if  abdominal  fat,  not  total  fat. 
is  the  best  discriminator  of  military  performance  objectives.  Which  site  is 
ideal  for  women  is  less  certain  and  there  are  more  sites  with  more  specific- 
physiological  roles  to  consider.  Hip  circumference  appears  to  be  one  rea¬ 
sonable  site  as  an  indicator  of  fatness  and  fitness  in  healthy  young  women; 
as  a  primary  site  of  fat  deposition;  and,  with  exercise,  as  a  primary  site  of 
fat  mobilization. 


CONCLUSIONS 

In  the  frontispiece  to  their  book  on  human  physique.  Sheldon  et  al. 
(1940)  showed  photographs  of  three  extremes  of  somatotype;  an  endomor¬ 
ph,  who  was  characterized  by  pendulous  fat  deposits;  a  mesomorph,  who 
looked  well  proportioned  and  muscular;  and  an  ectomorph,  who  looked 
like  a  victim  of  anorexia  nervosa.  There  can  be  little  argument  about  which 
of  these  three  types  would  make  a  suitable  soldier.  Without  question, 
the  massively  obese  endomorph  would  be  unable  to  perform  physically, 
would  fail  even  the  most  subjectively  lenient  standards  of  military  appear¬ 
ance,  would  likely  encounter  acute  as  well  as  long-term  health  problems  as 
a  direct  consequence  of  excess  fat,  and  would  suffer  miserably  with  work 
in  even  a  moderately  hot  environment.  At  the  other  extreme  of  size,  the 
ectomorph  would  be  unable  to  carry  a  normal  load  on  a  standard  road 
march  task,  would  likely  suffer  health  problems  from  extreme  deficiency  of 
muscle  mass,  and  would  be  unable  to  effectively  thermoregulate  in  a  cold 
environment.  The  current  Army  body  composition  standards  ignore  the 
ectomorph,  because  this  soldier  is  undetected  by  the  height-weight  screen¬ 
ing  tables,  even  when  the  soldier  is  so  deficient  in  fat-free  mass  that  relative 
body  fat  is  high.  This  omission  is  a  change  from  the  earlier  standards, 
which  emphasized  the  exclusion  of  physically  weak  individuals  who  would 
have  difficultly  with  basic  soldier  tasks.  At  the  upper  end,  the  endomorph 
is  clearly  excluded  by  current  Army  standards,  as  are  many  individuals  who 
may  even  approach  the  mesomorph  in  appearance  and  physical  capabilities. 
Thus,  the  second  change  from  previous  standards  is  that  current  body  fat 
standards  draw  a  precise  line,  without  confidence  intervals,  for  acceptable 
fatness;  these  standards  take  into  account  neither  the  strength  of  the  associ¬ 
ation  between  body  fat  and  military  performance  nor  the  reliability  of  the 
method  of  estimation.  Previously,  a  physician  made  the  final  subjective 
determination  that  a  soldier  was  unsuited  to  the  Army  because  of  his  or  her 
obesity,  but  this  was  subjective  and  had  little  impact  on  offenders  of  mili¬ 
tary  appearance.  Without  this  buffer,  the  arbitrary  standards  have  had  a 
major  impact.  Thus,  it  becomes  more  important  to  test  and  carefully  adjust 
body  composition  standards  to  performance  end  points  to  ensure  that  good 
soldiers  are  not  eliminated. 
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This  paper  will  discuss  two  topics:  the  development  of  standards  for 
bodv  composition  m  the  U.S.  Nav>  and  the  methods  of  body  composition 
assessmei't  in  use  by  the  military  services  today 

In  IdSI.  the  Department  of  Defense  (DOD)  issued  directive  1308.1 
(DOD  directive  1308.1.  1081  i.  Part  of  the  policy  expressed  in  that  directive 
was  that  the  "determining  factor  in  deciding  whether  or  not  a  service  mem¬ 
ber  is  overweight  is  the  member's  percent  body  fat.”  (DOD  Directive  1308.1. 
p.  2  Hncl.  2,  1981).  The  military  services  were  directed  to  determine  bodv 
composition  and  fat  standards  consistent  with  the  mission  of  the  services. 

The  directive  also  indicated  that  there  are  three  concerns  relating  to  the 
need  for  establishing  a  weight  control  policy:  first,  body  composition  is  an 
integral  part  of  physical  fitness  and  is.  therefore,  essential  for  maintaining 
combat  readiness.  This  statement  implies  a  relationship  between  fatness 
and  military  performance.  Second,  control  of  body  fat  (BT)  is  necessary  to 
maintain  approprrUe  military  appearance.  Third,  control  of  BF  is  important 
in  maintaining  the  general  health  and  well-being  of  armed  forces  personnel. 

The  directive  left  the  task  of  developing  the  most  appropriate  methodol¬ 
ogy  for  BF  determination  to  the  individual  services.  The  directive  required 
that  fat  measurement  techniques  must  have  a  correlation  coefficient  of  0.7.3 
or  better  with  percent  BF  from  underwater  weighing.  This  coefficient  has 


JAMIS  /\  HOIJCIXIS 


AS 

since  been  increased  to  ().S5.  DOD  percent  BF  goals  were  set  at  20  percent 
BF  tor  men  and  26  percent  BF  tor  women. 

BODY  COMPOSITION  STANDARDS 

It  body  composition  was  presumed  to  affect  military  performance,  mil¬ 
itary  appearance,  and  general  health  and  well-being,  the  basis  for  setting 
standards  ought  to  lie  with  one  of  these  three  relationships.  Below  is  the 
line  of  argument  followed  within  the  LhS.  Navy  to  arrive  at  suitable  stan¬ 
dards  for  body  composition. 


Body  Composition  and  Physical  Performance 

Performance  on  the  LfS.  Navy's  biannual  Physical  Readiness  Test  (PRT) 
is  taken  to  be  an  indicator  of  a  sailor's  readiness  for  combat.  As  an  adjunct 
to  setting  standards  for  physical  fitness  and  body  composition,  studies  were 
carried  out  that  investigated  relationships  between  performance  on  the  PRT 
items  and  performance  of  materials  handling  tasks.  The  Navy  's  PR7  in¬ 
cludes  a  body  composition  assessment,  sit-reach  distance,  time  for  a  l  ..‘>- 
mile  run,  number  of  sit-ups  performed  in  2  minutes,  and  number  of  push¬ 
ups  performed  in  2  minutes.  Work  by  Robertson  and  Trent  (1985)  at  the 
Navy  Personnel  Research  and  Development  Center  showed  th;it  the  majori¬ 
ty  of  the  physically  demanding  jobs  performed  by  Navy  personnel  were 
materials  handling  tasks:  lifting,  carrying,  and  pulling,  with  the  most  com¬ 
mon  being  carrying  while  walking  (48  percent)  and  lifting  without  carry  ing 
(20  percent).  Pertdrmance  on  such  tasks  might  form  a  reasonable  basis  for 
setting  standards  for  shipboard  work. 

Beckett  and  llodgdon  (1987)  investigated  associations  between  PRT 
Items,  body  composition  variables,  and  performance  on  two  materials  han¬ 
dling  tasks.  The  two  tasks  were:  the  maximum  weight  of  a  box  that  could 
he  lifted  to  elbow  height  (box-lift  maxim.um  weight)  and  the  total  distance  a 
.f4-kg  box  could  he  carried  (box  carry  power)  on  alternate  laps  (>f  a  51.4-m 
course  during  two  5-minute  work  biiuts.  The  parameters  of  the  carry  task 
represented  median  values  of  the  weight,  distance,  and  liming  of  Robertson 
and  T  rent's  survey  of  carry  tasks  performed  aboard  ship.  Table  4-1  shows 
the  correlations  between  PR  f  and  body  composition  items,  and  performance 
on  the  lift  and  carry. 

Table  4-1  shows  percent  BF'  to  be  only  modestly  correlated  with  these 
materials  handling  tasks.  These  modest  correlations  suggest  that  using  rela¬ 
tionships  between  these  tasks  and  percent  BF  as  the  basis  of  setting  percent 
Iff'  standards  would  not  be  particularly  fruitful.  However,  it  might  be  noted 
that  one  of  the  body  composition  variables  (fat-free  mass  |FFM))  is  highly 
correlated  with  the  box-lift  maximum  weight.  In  this  study.  FF-M  was  also 
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TABLE  4-1  Correlations,  U.S.  Navy  Physical  Readiness 
Test  Iteins,  and  Body  Composition  with  Materials  Handling 
Tasks* 


Bos-t-ili 

Bi)x -Carry 

Miixinuini  Weight 

Power 

Sil-reach  distance 

-0.21 

0.01 

Sit-ups  in  2  minutes 

-0(10 

()..tl 

Push-ups  in  2  minute^ 

O.OV 

0..S0 

1 .5-mile  run  time 

-0..U 

-0.67 

Percent  tat  (tnnn  circurnterenees i 

-0.4.7 

l  ai  tree  mass 

0.S4 

0.44 

Fat  mass 

o.os 

-0.2.7 

-  102  Nuv\  personnel:  f>4  men  and  uomen. 

.SO(  'R(T-:  Hecketf  an<l  Hod^’don  ()‘^X7)  hy  permission. 


found  to  he  highly  correlated  with  other  muscle  strength  measures.  The 
pi'ssihility  exists  for  using  I  I  M  as  an  approximation  of  overall  strength  in 
job  assignment. 


Body  Composition  and  Appearance 

The  second  stated  reason  for  maintaining  appropriate  levels  of  BF  is 
for  proper  military  appearance.  It  is  the  Navy's  policy  that  judgments  about 
appearance  are  subjective  and  not  necessarily  strongly  related  to  fatness. 
Current  performance  evaluation  procedures  allow  for  these  subjective  as¬ 
sessments.  and  they  need  not  he  anchored  to  other  objective  variables. 

The  soundness  of  this  approach  was  recently  tested  by  Hodgdon  and 
colleagues  ( 1440).  A  panel  of  I  I  I’.S.  Army  headquarters  staff  (.S  wonien. 
6  men;  6  otficers.  .“i  enlisted;  and  including  both  Black  and  White  members) 
rated  the  "military  appearance"  of  l.()7.‘i  male  and  2.‘i  1  female  U.S.  Army 
personnel  dressed  in  Class  A  uniform.  Physical  characteristics  of  this  pop¬ 
ulation  sample  are  provided  in  Table  4-2.  A  .S-point  scale  was  used  for  the 
ratings.  In  this  scale,  a  value  of  1  was  labeled  “poor";  a  value  of  2.  "fair";  a 
value  of  .U  “good";  a  value  of  4.  "very  good";  and  a  value  of  .S.  "excellent". 
I  he  raters  were  instructed  to  rate  the  "military  appearance"  of  the  soldier 
according  to  their  own  personal  standards,  and  instructed  to  evaluate  how 
the  intlividual  looked  in  uniform,  not  how  the  uniform  looked.  The  person¬ 
nel  who  were  rated  also  had  (heir  percent  BF  determined  from  underwater 
weighing.  1  he  inter-rater  reliability  of  the  ratings  was  quite  good  (alpha  = 
().S6  tor  rating  of  men,  ()..S7  for  rating  of  women).  The  results  of  the  regres- 
su>n  analysis  to  predict  measured  percent  BF  from  the  ratings  of  appearance 
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TABLE  4-2  Participant  Characteristics  in  U.S.  Army  Personnel 
Appearance  Study 


Mates 

Femates 

(n*  =  t,(»7.s) 

in  =  2.SI  1 

lieichl  (cini 

t7  .S  .t  ±  6  4 

t62..s  ±  6.2 

Weight  (kg) 

77.t  ±  1 1  2 

60.3  ±  S.l 

.Age  l>r:.) 

.to.  t  ±  s.y 

24.0  ±  .S7 

Body  Oeiislly  (kg/I  I 

i.0.S2  tO.Ol.S 

1.036  +  0.0)2 

Body  [  at  Content  ("r  body  wt) 

20.6  ±  6  4 

2S.0  +  .S.7 

Fat  dree  Mass  (kg) 

60.4  ±  7  t 

43.1  ±4.X 

l-.it  M.1SS  (kg) 

16.3  +  7.t 

17.1  ±  .S.2 

Appearance  Rating  in  I'nit’orn) 

3  3t  ±0  62' 

3  21  ±  0.67" 

n  =  number  ot  subiccis. 

hi 


are  provided  in  Table  4-3.  The  correlation  between  appearance  ratings  and 
percent  fat  was  modest:  0,53  for  ratings  of  male  personnel,  and  0.46  for 
ratings  of  female  personnel.  The  square  of  the  correlation  coefficient  indi¬ 
cates  the  percent  of  the  total  variance  in  one  variable  accounted  for  by  the 
other.  Percent  fat  accounts  for  only  28  percent  of  the  measured  variance  in 
appearance  for  men,  only  22  percent  for  women.  If  docs  not  appear  from 
this  study  that  percent  BF.  by  itself,  constitutes  a  reasonabU  indicator  of 
military  appearance.  Clearly,  other  factors  play  a  role  in  such  judgments. 

Body  (.'omposition  and  Health 

rhe  DOD  directive  points  out  that  one  of  the  reasons  for  wanting  to  set 
BF  standards  is  the  maintenance  of  health  and  well-being  of  the  service 


TABLE  4-3  Prediction  of  Appearance  from  Percent  Fat  Scores  in  U.S. 
Army  Personnel  Appearance  Study 


Predu  iDr 

Males: 

Pcrycnl  tal 
Icnialcs: 
Porv^ent  t'al 


Repression 

C'i»efficient 

Constant 

k' 

K'- 

,SEF.' 

0.047 

4.277 

o.st 

0.2K 

0..S23 

().()S4 

4.721 

0  46 

0.22 

a.,S48 

=  multiple  correlation  coefficient. 
SPP  r  siandarii  error  i>t  the  estimate. 
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members.  It  is  in  the  relationship  between  health  and  fatness  that  the  Navy 
has  anchored  its  body  composition  standards. 

On  February  1  1-13,  1985,  the  National  Institutes  of  Health  (NIH)  Of¬ 
fice  of  Medical  Applications  of  Research;  the  National  Institute  of  Arthritis, 
Diabetes,  and  Digestive  and  Kidney  Diseases;  and  the  National  Heart,  Lung, 
and  Blood  Institute  convened  a  consensus  development  conference  on  the 
health  implications  of  obesity  (National  Institutes  of  Health,  1985).  The 
conferees  determined  that  obesity  is  related  to  a  significant  impairment  of 
health,  particularly  in  terms  of  increased  risk  of  diabetes,  hypertension, 
coronary  artery  heart  disease,  and  cancer.  They  also  agreed  that  obesity 
could  be  defined  as  a  weight-for-height  20  percent  above  the  midpoint  weight 
listed  in  the  1983  Metropolitan  Idfe  Insurance  tables  for  the  medium-frame 
individual  (Metropolitan  Life  Insurance  Company.  1984). 

Armed  with  this  definition,  and  the  information  that  obesity  could  he 
considered  a  health  risk,  the  following  study  determined  whether  or  not 
these  weight-for-height  tables  had  any  reasonable  expression  in  percent  BF. 
Dsiiij;  the  Navy  anthropometry  data  set,  the  regression  between  weight  and 
height  ;ind  percent  BF  was  determined.  Tabic  4-4  describes  the  data  set 
used  for  development  of  the  regressions. 

[  he  regressions  that  were  developed  were: 

Percent  BF  =  0.464  x  weight  (kg)  -  0.41 1  x  height  icm)  +  54. "’69 
(R  zz  0.75,  SEFi  =  5.33  percent  BF)  for  men. 
and 

Percent  BF  =  0.638  x  weight  (kg)  -  0.409  x  height  (cm)  -i-  54.367 
{R  =  0.77.  SHF  =  4.54  percent  BF)  for  women. 

where  R  -  multiple  correlation  coefficient  and  SFiF.  =  standard  error  of  the 
estimate. 


r.ABl^F.  4-4  Regression  Sample  Desciiptions 


Aac  oe.irsi 
llcielu  i^ini 
Weietil  Ike  I 

l\’ri.ent  f;ti  'urulerw.uei  weielime' 
II  -  luiniher  vU  subieels 


W  UlllL'M 
III  -  tJDi 

sl.tnU.irtl  Uiw  mlion 


Men 

i>/‘  =  i.n:4i 

Menu 

M  .')  t  h.'M 
I  77  n  +  fi.Ufi 
S.S.7  ‘  |.r.4S 
21  f>  <  X  (17 


2(1  fi  •:  .S  24 
|(,4._s  i  (i.-| 

(i2.2  .L  4  rs 
2(1  X  -  7. in 
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F  ICil  RE  4-1  National  Institutes  ot  Health  critical  weights  for  each  height  expressed 
as  percent  tat. 


Using  these  equations,  we  then  tietermined  the  percent  BF  value  associated 
with  ihe  .NIH  cnticiil  weights  at  each  height  tor  both  men  and  women.  The 
results  are  provided  graphically  in  Figure  4-1.  As  can  be  seen  from  Figure 
4-1.  the  "cTitical  "  percent  BF  values  are  rather  constant  across  heights, 
espeetally  the  values  fttr  women.  Mean  values  for  critical  percent  BF  across 
height  were  22.0  ±  1.20  for  men  and  ±  O.IS  for  women. 

.Standards  for  percent  BF  for  Navy  personnel  were  derived  from  these 
mean  values.  The  cireumferenee  equations  used  by  the  U.S.  Navy  to  pre¬ 
dict  BF  have  standard  errors  of  measurement  of  approximately  .T5  percent 
BF.  It  was  decided  that  the  standard  lor  administrative  action  should  be 
approximately  one  standard  error  above  the  critical  percent  BF  ti'  mtnimi/e 
the  nuniber  of  false  positives  for  individuals  exceeding  th  ?  NIH  obesity 
definition.  The  values  of  26  percent  BF  for  men  and  36  percent  BF  for 
women  were  thus  adopted.  Any  sailor  or  officer  exceeding  these  limits  for 
three  successive  administrations  of  the  PRT  is  subject  to  administrative 
action.  In  addition,  an  ■'overtat"  category  was  defined.  Individuals  exceeding 
values  of  22  percent  BF.  if  men.  or  30  percent  BF  if  women,  are  required  to  go 
on  a  fat  reduction  program.  This  approach  allows  remedial  action  on  BF 
reduction  to  begin  prior  to  exceeding  the  limits  for  admin  istrative  action. 

The  finding  that  the  NIH  critical  weights  represent  a  relatively  constant 
percent  BF-  for  men  and  women  is  intriguing,  especially  when  one  considers 
that  those  weights  derive  from  the  empirically  determined  Metropolitan  Life  In¬ 
surance  Tables  (Metropolitan  Life  Insurance  Company,  1FIK4).  However,  there 
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IS  a  paucit\  of  data  relatine  body  composition  variables  themselves  to  mortal¬ 
ity  and  morbidity  outcomes.  Such  epidemiological  studies  need  to  be  done. 

In  summary,  the  U.S.  Navy,  finding  a  lack  of  basis  for  setting  body 
composition  standards  based  on  either  performance  or  appearance,  has  cho¬ 
sen  to  base  its  standards  on  health  considerations.  The  standards  are  de¬ 
rived  from  the  NIH  consensus  definition  ot  obesity. 

BODY  C'O.VIPOSITION  MEA.SUREMKNT 

rtie  criteria  for  selecting  methods  for  assessment  of  body  composition 
in  the  military  were  that  the  measures  must  be:  usable  easily  m  the  field, 
able  to  be  made  reliably,  and  be  valid  indicators  of  fatness.  It  was  also 
important  that  skill  in  measurement  be  relatively  easily  acquired.  To  meet 
these  measurement  ’echnique  requirements,  all  four  services  have  adopted 
circumference  measurements,  often  in  conjunction  with  height  and  weight, 
as  the  basis  lor  predicting  percent  BF. 

Reliability  and  Yrainability 

In  Ids?.  Mueller  and  Malina  determined  intra-  and  interexaminer  reliabil¬ 
ities  of  skinfold  and  circumference  measurements.  They  found  both  tech¬ 
niques  to  be  quite  reliable  but  circumferences  to  be  more  reliably  measured 
than  skinfold  thicknesses  (O.d?  and  0.96  for  circumference  intra- 
and  interexaminer  reliabilities,  respectively,  and  0.94  and  0.92  for  skinfold 
reliabilities). 

In  addition  to  being  slightly  more  reliably  made,  circumference  mea¬ 
surements  appear  to  be  more  easily  learned.  J.  H.  Heaney  and  coworkers 
(Naval  Health  Research  Center.  San  Diego,  unpublished  manuscript)  inves¬ 
tigated  the  time  course  for  acquiring  skill  in  circumference  and  skinfold 
thickness  measurement.  Thirty-eight  active  duty  Navy  personnel  were  pro¬ 
vided  six  1-hour  training  sessions  during  which  they  were  trained  and  eval¬ 
uated  in  skinfold  measurements  at  two  sites  and  circumference  measure¬ 
ments  at  three  sites.  Heaney  and  roworkers  found  that  after  15  skinfold 
measurements  at  each  site  (I.‘t0  total  measurements),  only  24  percent  of  the 
study  participants  had  reached  proficiency  in  skinfold  measurement.  In  con¬ 
trast.  68  percent  of  the  participants  had  reached  proficiency  after  d,"!  circum¬ 
ference  measurements  at  each  site  (I.?.*)  total  measurements).  In  this  study, 
circumference  measurement  was  clearly  the  more  easily  learned  technique. 


Equation  Validity 

F-iach  of  the  services  developed  regression  equations  involving  body 
circumference  measurements,  sometimes  in  conjunction  with  height  or  weight 
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or  both.  The  regression  equations  predict  cither  body  density,  percent  BF, 
or  FFM.  For  the  U.S.  Amiy.  Navy,  and  Marine  Corps,  the  criterion  measure¬ 
ment  for  equation  development  was  either  body  density  from  underwater 
weighing  or  percent  BF  using  the  Siri  (1961 )  equation  to  convert  body  density 
to  percent  BF.  The  C.S.  Air  Force  equations  use  as  a  criterion  measure  FFM 
determined  from  tritiated  water  dilution  or  from  body  volume  and  weight 
(.Allen.  I96.V).  Tables  4-5a  and  4-5b  contain  the  equations  and  descriptive 
data  from  the  equation  development  samples  for  the  military  services.  Sample 
descriptors  are  shown  as  mean  plus  or  minus  standard  deviation. 

I'.S.  Army 

The  LI.S.  Army  equations  were  developed  by  Vogel  and  coworkers 
I  I9HS)  at  the  L  .S.  Army  Research  Institute  of  Environmental  Medicine  on  a 
large  sample  of  Army  personnel.  The  sample  was  not  stratified  to  reflect 
distributions  of  demographic  variables  (for  example,  age.  gender,  race,  job 
classification  I  w  ithin  the  Army  population. 

fhese  equations  are  used  in  conjunction  with  weight-for-height  tables 
that  serve  as  an  initial  screening  tool  in  detecting  overfat.  Current  Army 
BF  retention  standards  are  based  on  age  (AR  600-9.  1986).  .Standards  for 
men  are  20  percent  BF'  for  ages  16-20  years.  22  percent  BF  for  ages  21-27 
years.  24  percent  BF  for  ages  28-.W  years,  and  26  percent  BF  for  ages  40 
years  and  older.  Standards  for  women  are  28  percent.  .^0  percent.  .'^2  per¬ 
cent.  and  .U  percent  BF  respectively,  for  the  same  age  groupings  as  the  men. 

C.S.  Navy 

I  he  I  '.S  Nav  y  equations  were  developed  by  Hodgdon  and  Beckett 
(  l‘)84a.bi  at  the  Naval  Health  Research  Center.  Their  large  sample  of  U.S. 
Navy  personnel  was  also  nonstratified  with  respect  to  Navy  demographics. 
Within  the  Navy  every  service  member  has  his  or  her  BF  estimated  twice 
each  year  using  these  equations  (U.S.  Department  of  the  Navy.  1986a). 
There  are  no  weight-for-height  screening  tables  used.  .As  noted  above,  the 
current  retention  standards  are  26  percent  BF  for  men  and  .^6  percent  BF  for 
women,  irrespective  of  age. 


I  .S.  Marine  (’orps 

T  he  Marine  Corps  was  the  first  service  to  use  body  composition  estima¬ 
tion  from  circumferences.  The  Marine  Corps  equations  were  developed  by 
Wright  and  coworkers  ( 1980.  1981 )  of  the  Institute  of  Human  Performance 
trom  data  collected  by  Wright  and  Wilmore  (1974)  on  Marine  Corps  per¬ 
sonnel.  fhe  Marine  Corps  uses  weight-for-height  tables  as  the  basis  for 


TABl.K  4-5a  Body  Composition  Kquations  tor  the  Military  Services 
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NOTFl  (  ircuiiik'rcni  e  nuMsurcmcnis  and  .irc  in  tni;  I  f  Nt  -  fat  free  mass;  SKf:  “  standard  error  of  the  eslimaic. 
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weight  control  decisions  (IJ.S.  Department  of  the  Navy.  1986b).  If  a  Marine 
is  overweight  by  the  tables  but  does  not  appear  to  be  fat.  he  or  she  may 
have  a  BF  estimation  done.  If  the  individual's  BF  is  less  than  the  Marine 
Corps  standards  of  18  percent  BF  for  men  and  26  percent  BF  for  women,  a 
new  ma.vimum  allowable  weight  is  calculated  and  entered  into  the  Marine's 
record. 


II.S.  Air  Force 

fhe  C.S.  Air  Force  body  composition  equation  for  men  was  developed 
by  Fuchs  and  coworkers  (1978)  at  the  U.S.  Air  Force  School  of  Aerospace 
Medicine,  fhe  equation  for  women  was  developed  by  Brennan  (1974)  as 
part  of  her  master's  work  at  the  Incarnate  Word  College  in  San  Antonio. 
Unlike  the  equations  of  the  other  services,  the  U.S.  Air  Force  equations 
predict  I  FM.  .Also,  the  development  sample  for  the  women's  equation 
containetl  some  non-service  personnel. 

Like  the  Marine  Corps,  the  U.S.  Air  F-'orce  has  a  weight-for-height 
standard  (AFR  .L‘'-ll.  198.‘s).  Individuals  whose  weight  exceeds  the  stan- 
dtird  will  have  their  body  composition  determined.  If  they  do  not  exceed 
the  U.S.  Air  Ftirce  BF  standards  (20  percent  BF  for  men  less  than  .V)  years 
of  age.  26  percent  BF  (or  men  older  ihan  .^0  years;  28  percent  BF  for 
women  less  than  ,^()  years,  .M  percent  BF  for  women  older  than  .70  years), 
new  maximum  allowable  weight  can  be  assigned.  Similarly,  individuals 
whose  weight  does  not  exceed  the  standard,  but  who  appear  obese,  can  have 
a  new  allowable  weight  .issigned  based  on  BJ-  measurement. 


Cross-Validation 

I  o  [irov  ide  a  basis  for  comparing  the  performance  of  these  equations  on 
a  general  military  population,  each  of  the  equations  was  cross-validated  on 
the  Navy  anthropometric  sample  described  in  Table  4-2.  If  the  equation  did 
not  |ircdicl  percent  BF  directly,  the  equation  output  was  converted  to  per¬ 
cent  BF.  Predicted  percent  BF  was  correlated  with  percent  BF'  derived  from 
underwater  weighing  using  the  Siri  (1961)  equation.  Table  4-4  shows  the 
resultc  of  till''  croN>-v  alitlation.  Note  the  U.S.  Air  Force  equation  for  men  is 
only  cross  valitiated  on  a  subset  of  the  U.S.  Navy  sample.  This  is  because 
flexed  biceps  measurements  were  only  made  on  a  few  of  the  Navy  subjects. 

It  Is  apparent  from  Table  4-4  that  predicted  Bf-  was  rather  highly  corre¬ 
lated  with  hvvlrostatic  BF  m  all  of  the  equations.  More  importantly,  the 
slaiul.ird  errors  ot  mcasutement  seen  here  with  these  equations  are  compara¬ 
ble  to  those  seen  with  other  generalized  equations  in  common  use.  including 
those  using  skmtoltls  (Durnin  and  Womersiev,  1974;  Jackson  and  Pollack. 
197X;  laskson  ct  .if.  1980).  Hodgdon  and  Beckett  ( 1984a. b)  and  Wright  et 


JAMLS  /I  HOOGDON 


M 


TABLE  4-6  Cross-Validation  of  Military  Equations. 
U.S.  Navy  Sample 


Correlation 

Coefficient 

Mean 

Difference 
(percent  fait 

Standard  Error 
of  Measurement 
(percent  fal) 

C  S,  Army 

Men 

o.m 

3.15 

3.73 

Women 

0J9 

-0.17 

4.39 

l\S.  Navy 

Men 

0.02 

3  63 

Women 

(I.X4 

-0.17 

3.82 

I  S  Marine  Corps 

Men 

0.87 

-0.75 

4.05 

Women 

0  80 

be 

oc 

4.25 

1  .S.  Air  Force 

Men 

0.74 

2,07 

5.17 

Women 

0,78 

4.18 

4.45 

Cross-validation  on  only  52  Navy  subjects. 


al.  (1980)  have  already  shown  that  generalized  circumference  and  skinfold 
equations  have  similar  validities  when  applied  to  these  military  populaiion 
samples. 


SLMIMARY 

Two  major  summary  points  can  be  made:  first,  there  is  admittedly  a 
need  to  further  validate  the  relationship  between  body  composition  and 
health  outcomes.  However,  as  evidenced  by  the  studies  presented  here,  it 
wtiuld  appear  at  present  that  health  considerations  are  the  most  rational 
scientific  basis  for  setting  body  composition  standards.  Second,  the  mili¬ 
tary  services  have  used  standard  techniques  to  derive  equations  to  estimate 
relative  BF  from  anthropometric  measures:  body  circumferences,  height, 
and  weight.  When  applied  to  a  general  military  population  sample,  these 
equations  have  validities  and  standard  errors  of  measurement  similar  to 
other  published,  generalized  anthropometric  equations  and  would  appear  to 
be  reasonable,  useful  estimators  of  body  composition. 
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Effects  of  Experimental  Alterations 
in  Excess  Weight  on  Physiological 
Responses  to  Exercise 
and  Physical  Perforn'ance 


Kirk  J .  Cure  ton 


INTRODICTION 

rhoro  i^  little  experimental  Jata  cjescribing  the  elTects  I'l  altered  bddy 
enmpoMtioti  nil  [ihxsical  pert'ormanee.  'I'his  is  because  body  composition  is 
dil't'icult  and  time  consuming  to  change  in  human  xolunteers  In  the  late 
I97()s.  three  studies  \xere  conducted  that  were  designed  to  investigate  the 
ellects  of  experimental  alterations  in  excess  weight  on  ]ihysiological  re- 
N[ionses  to  exercise  and  on  physical  periormance  capabilities.  The  research 
oh|ective  was  to  use  an  experimental  model  to  simulate  the  effects  of  differ¬ 
ent  levels  of  body  tatness  in  oidei  t  )  determine  whether  the  cross  sectional 
data  available  describing  relationships  between  percent  body  fat  tUF  )  and 
physical  performance  reflected  cause  and  efiect. 
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The  first  study  (Cureton  et  al,,  I97S)  involved  inxestigating  the  effects 
of  experimental  manipulation  of  excess  weight  on  aerobic  capacity  and 
distance  running  nerforn  mce.  It  was  known  from  cross-sectional  ilata  that 
percent  F-if  is  inversely  icl.ited  to  aerobic  capacity  )  expressed  rela¬ 

tive  to  body  weight  (BW’i  and  to  distance  running  performance  (F-igure  .‘v-l  ), 
hi.'  the  magmtMtle  of  changes  in  V,,  and  di. 'ance  running  performance 
that  result  from  altered  percent  BF-  had  not  been  established. 
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\/02max 

(ml/kg  BW  x  min) 


"'i  Fat 


Distance  Run 
Performance 


f  l(it  RF  fi'l  Diaiirani  ol  rcLilioii'-hips  among  percent  body  tai.  (ml, deg 

hod\  veeielil  x  minule)  and  distance  run  performance  reported  in  cross-sectional 
studies. 


Six  recreational  runners,  four  men  and  two  women,  2l)  to  ,V)  years  of 
a.ee,  were  used  as  subjects.  They  were  relatively  lean  ami  had  above  aver- 
"'■r's'  ''(i.iii.o  I'til  body  weigh!  per  tninutc)  (Table  ,S-I  ),  Body  compo¬ 

sition  was  estimated  from  bod\  density,  which  was  determined  using  hydro¬ 
static  sseighine,  ,-\  maximal,  gtaued.  running  treadmill  lest  and  the  12-niinutc 
run  were  administered  utider  four  added-weight  (AWi  conditions:  0,  ,‘s.  If), 
arul  l.^s  percent  AVV,  Weight  was  adiled  to  the  trunk  of  the  subjects  using  a 
weight  belt  and  shoulder  harness. 

During  submaximal  running  on  the  treadmill  at  1 88  meters  per  mimiie 
I  7  miles,  houn.  addition  of  excess  w-eigiit  significantly  and  systemattcally 
increased  veniilalion.  oxygen  uptake  in  !;icrs  per  minute,  and  heart  rate  but 
(.lid  not  significantly  alter  the  oxygen  uptake  expressed  relative  lo  the  total 
weighi  eariied  iTW  i.  This  latter  measure  tended  to  decrease  slightly  (Table 
.s  2i.  During  maximal  running,  adilition  of  excess  weigh!  did  noi  signifi- 
cxinily  affect  veniilalion,  oxygen  uptake  in  liters  per  minute,  or  heart  rate 
bui  sysiemalically  dccreaseil  \n..r,..v  "ni/Pg  TW  minute).  Ireadmill  run 
iini-.s  .md  12-minute  run  performance.  I'nder  the  I  .s  percent  AW  eondition. 
ilicse  ihree  measures  were  rctluced  6.9  mi./kg, 'minute  (12  pereenl),  I..S  min- 
uics  (  l()  |ic'r..euii.  and  277  meters  (8  percent),  respectively,  compared  to  the 
noMii.i:  weight  eoiuiiiion  iT.tble  5-.D.  The  changes  by  individual  subjects 
lor  N,,  (ml/kg  TW'  x  minute)  and  12-minule  run  performance  were  very 

^ouMsieni  (Figure  .s-2i.  The  averuge  reduetiiurs  in  and  12-mmute 

run  disianee  per  I  pereenl  added  weight  were  0..‘s  ml/kg  I'W'  >  mimite  .md 
IN  meters,  respectively. 

Comparison  of  the  V,,  (liters  per  minule)  during  submaximal  and  max¬ 
imal  running  clearly  indicated  that  the  primary  metabolic  effects  of  addition 
of  excess  weighi  were  to  increase  the  energy  rcH|uirenieni  of  running  at 
submaximal  speeds  vsithoul  affecting  the  ahsolule  (Fhgure  ,n-,D.  Any 

submaximal  speed  ol  running  therefore  required  a  higher  [rereentage  ot 
V, ,  .  and  V,|  was  reached  at  a  lower  speed  of  running,  w  hich  in  turn, 

resulled  m  a  reduction  in  Ireadmill  lime.  I'he  ineehanism  by  which  added 


I'AHLF,  5-3  Means  ±  S13  and  /•  Ratios  lor  I’hysioiogical  Variables  Measured  During 
Maximal  rreatlmill  Running  ami  12-Mmute  Run  Pertbrniance  tor  the  I’our  Added  Weight 


V  0  2  fTiax  (ml/min-kg  T  W ) 


7ft 


7o  AW 


F'Kil  RE’  5  2  Individual  values  fur  ihe 
(nil/k.i!  total  weight  minute i  for  the 
Cureton  et  al.  (  |d7Xl  by  pertiiission. 


12-niinule  run  performance  and 
four  added-weight  conditions.  SOLII^CE; 
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T  M  RUN  TIME  (min) 

ElGl'Rt  5-.'  TrcadiJiill  (TM)  run  lintc  esiiinuted  troni  mean  siibmaximal  and  max¬ 
imal  V(,_  (liters  per  minute)  values  for  the  0  percent  and  15  percent  addcd-weight 
(AWl  conditions  SOURCE:  Cureton  et  al.  tl97X)  by  permission. 

weight  affected  the  l2-minute  run  performance  should  have  been  the  same, 
assuming  an  inilividual  ran  at  the  same  fraction  of  tlieVo  ,,,^^  across  AW 

conditions. 

A  measure  of  the  total  excess  weight  (EW)  carried  during  the  treadmill 
and  track  runs  c;m  be  computed  by  adding  the  fat  weight  of  each  subject  to 
the  AW.  This  increases  the  dispersion  of  excess  weight  compared  to  that 
wlien  just  AW  is  considered  and  substantially  strengthens  the  relationship 
I'f  RW  to  (ml/kg  rW  X  minute)  and  12-minute  run  perUmmance 

(F  igure  .5  4).  The  changes  m  run  performance  associated  with  the  variation 
in  percent  BE  closely  paralleled  the  changes  that  resulted  from  added  weight, 
which  indicates  that  the  relationship  of  percent  FfF'  to  these  measures  was 
similar  to  the  effects  of  added  weight. 

Based  on  the  results  of  this  study,  it  was  concluded  that  (a)  excess  (tat) 
weight  causally  affects  V,,  expressed  relative  to  weight  and  distance 
running  performance  and  (b)  two  alternate  metabolic  explanations  can  be 
eiven  for  the  detrimental  effect  of  excess  weight  tm  distance  running  per¬ 
formance  f)ne  explanation  is  that  excess  (fat)  weight  increases  the  energy 
requirement  of  siibmaximal  exercise  without  affecting  the  absolute  V,, 
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I  Kil  kl  ^  4  Kcl;lIu)Il^hlp^  of  porccul  excess  ueighi  (EWt  lo  12-niimile  run  per- 
t.uni.irise  ,iiul  \, ,  (inl/kg  loiul  ueiplil  s  iiiinule)  AW  -  rukicil  vseiphl  SOI  RC’I/ 
(  urei‘’n  el  jl  i  h\  pernnssion. 


I  lieieloie.  runninj:  ai  an\  suhmaxinuit  speexi  requires  a  higher  percentage  of 
\,i  .  aiul  the  pace  that  can  he  inainiaineil  lor  a  gixen  liuration  is  reduced. 

An  alternate  explanation  is  that  excess  llal)  weight  reduces  the  'to.m.iv 
ex|iressed  relative  to  weight  without  affecting  the  oxxgen  requirement  of 
suhmaxiinal  running  per  unit  weigfil.  Therelore,  as  for  the  other  explana 
tion,  the  percentage  of  during  running  at  a  suhnraxinial  speeil 


1  2-M!NUTE  RUN  (M) 
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IS  irK'roascd.  and  the  pace  that  can  be  sustained  for  a  given  duration  is 
reduced. 

The  primary  limitation  of  the  AW  model  is  that  weight  was  added  to 
the  trunk  and  not  distributed  over  the  limbs  and  trunk  as  would  be  the  case 
for  BT.  Therefore,  the  effects  of  changes  in  BF  might  be  underestimated  by 
the  AW  model,  because  it  is  known  that  weight  added  to  the  limbs  has  a 
bigger  effect  on  the  energy  requirement  of  subma.ximal  exercise  than  weight 
added  to  the  trunk.  .Another  limitation  of  the  model  is  that  when  body 
vseighi  changes,  fat  is  not  the  only  tissue  to  change.  Gains  in  BF  are 
typically  accompanied  by  gains  in  fat-free  weight  (FFW).  and  losses  in  BF 
are  usually  accompanied  by  losses  in  FFW  (Forbes,  I9K7).  Thus,  acute 
changes  m  the  fat-free  component  of  the  body  that  accompany  weight  loss 
or  gam  mav  have  efiects  not  accounted  for  by  the  model.  The  validity  ot 
the  model  is  supported  by  data  indicating  that  the  increased  oxygen  re¬ 
quired  to  walk  ;it  a  given  submaximal  speed  brought  about  by  adding  weight 
to  the  trunk  using  a  backpack  is  the  same  as  that  produced  by  a  similar 
weight  gain  produced  by  overeating  (Hanson.  1973).  A  number  of  other 
studies  have  indicated  that  the  oxygen  required  per  unit  weight  carried  to 
walk  or  run  at  a  given  speed  is  not  related  to  whether  some  of  the  weight 
IS  carried  externally  using  a  weighted  belt.  vest,  or  backpack  (Cureton  and 
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f  Kil  RF  s  s  Ciinipansdn  of  regression  lines  describing  the  relationship  between 
percent  lal  and  12 minute  run  perlorntanee  in  men  and  wximen  to  the  regression  line 
describing  the  effect  ot  added  weight  on  12  minute  run  performance 
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Sparling.  1980;  Goldman  and  Lampietro,  1962;  Hanson.  1973;  Miller  and 
Blyth,  1935), 

To  evaluate  whether  the  effects  of  added  w'eight  were  the  same  as  the 
relationship  of  BF  to  performance  in  cross-sectional  data,  the  regression 
lines  relating  percent  BF  to  12-minute  run  performance  in  34  male  and  34 
female  recreational  runners  (Sparling  and  Cureton,  1983)  were  compared  to 
the  regression  line  indicating  the  average  effect  of  the  AW  in  this  study 
(Figure  5-5).  The  slopes  of  the  regression  lines  were  almost  identical, 
w  hich  supports  the  validity  of  the  model  and  the  conclusion  that  the  inverse 
relationship  between  BF-  and  distance  running  performance  reported  in  cross- 
sectional  data  is  cause  and  effect. 


RTNMNC;  PERFORMANCE,  METABOLIC  RESPONSES  AND 
(FENDER  DIFFERENCES 

I  he  second  study  also  used  the  AW  model  (Cureton  and  Sparling,  1980). 
The  purpose  of  this  study  was  to  investigate  the  extent  to  which  differences 
between  men  and  women  in  distance  running  performance  and  metabolic 
respotises  during  running  are  due  to  the  gender  difference  in  percent  BF. 
On  the  average,  the  percent  BF  of  women  is  approximately  10  points  higher 
than  (or  men.  Women  also  have  Utwer  average  (ml/kg  BW  x  minute) 

at;  '  poorer  distance  running  performance  (Figure  5-6).  Of  interest  was  the 
determination  of  the  effect  of  experimentally  eliminating  the  gender  differ¬ 
ence  m  percent  BF  (by  adding  excess  weight  to  the  men)  and  observing  how 
much  the  gender  differences  in  V,,, (ml/kg  TW  x  minute)  and  12-minute 
run  performance  were  reduced. 

The  subjects  for  the  study  were  10  male  and  10  female  recreational 
runners  whti  were  matched  on  running  mileage  and  ettmpetitive  experience. 
I  he  expressed  relative  to  fat-free  weight  (FFW)  of  the  groups  was 

;ilso  not  significantly  different,  which  indicates  that  the  men  and  women 


Female  V02max 

Gender  (ml/)rg  BW  x  min) 

+ 

%  Fat 

FKil  RF  5  f)  Diagram  ot  the  cfleels  of  gender  on  pereent  body  fat.  V,,  (nilAg 
body  weight  ^  niinulei  and  dist.mee  run  performance  ba.sed  on  eomparalise  data  in 
Ihe  lileraliire. 
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TABLE  5-4  Physical  Characteristics  of  the  Subjects  in 
Cureton  and  Sparling  (1980)  Study 

Varuble  Men  (n*  =  10)  Women  in  =  10) 

mean  ±  standard  deviation 

Age  (years!  26.4  +  4.9  25.8  +  4.6 

Height  (cm)  178.7  +  6.7  160.4  ±  6.9 

Weight  ikgi  70.8  ±8.1  .50.6  ±8.1 

l  at  free  weight  (kg)  620  +  6  7  40.9  ±  6. .5 

Percent  fat  1 1.4  ±  23  18.9  ±  4.0 

*n  -  number  of  subjects 

SOL'RCE:  Cureton  and  Sparling  (1980)  by  permission. 


had  similar  cardiorespiratory  capacity.  Both  the  men  and  women  were 
relatively  lean  (Table  .5-4).  The  measurements  and  procedures  were  the 
same  as  for  the  earlier  study  (Cureton  et  al.,  1978).  Women  were  measured 
only  once  with  normal  weight.  The  men  were  administered  the  graded 
treadmill  and  12-minute  run  test  twice,  once  under  a  normal-weight  (NW) 
condition  and  once  under  an  AW  condition.  The  objective  of  the  AW 
condition  was  to  equate  the  mean  percentage  EW  carried  by  the  men  and 
women.  F.W  was  defined  as  the  sum  of  fat  weight  and  added  external 
weight.  Each  man  was  paired  with  a  woman,  and  weight  was  added  to  the 
man  such  that  his  total  percent  EW  was  equal  to  the  percent  BE  of  the 


TABLE  5-5  Means  ±  SD  for  Physiological  Variables  Measured  During 
Maximal  Treadmill  Exercise  and  12-Minute  Run  Performance 


Men  in 

=  10) 

W'omen  in  =  10) 

Variable 

Normal  Weight 

Added  Weigh) 

Normal  Weight 

V,  1 1  ■:  min  ’ ) 

12Cr  +  14. ,5 

120  5  ±  I  .V4 

81.8  +  14.5 

V,|,  1 1  >  mm  ’  1 

4  .  .t|  ±  0.44 

4.40  +  0.42 

2.82  ±  0.49 

V„  (ml  X  mm  *  <  kg  fl-W  ') 

69.8  ±  6.0 

71.4  +  7.2 

68.9  ±  5.2 

V|,  1  ml  ■  mm  '  x  kg  TW  '  i 

61.7  ±  5.1 

57.8  +  5.9 

55.7  ±  4  0 

Hear!  rale  (b  »  mm  '  i 

187  ±  8 

185+8 

185  ±  7 

R 

1  16  ±  ().05 

1.12  ±  004 

1  1  4  ±  0.06 

Trcaifmill  run  lime  (mm) 

15.6  +  14 

14.4  ±  1 .7 

117  +  0.9 

1  2-Minule  run  ( nr  i 

.±562  +  226 

4189  ±  244 

2794  +  156 

NO'l  l'.:  n  -  number  of  subfccts:  f-'W  =  fal-free  weight;  TW  ~  total  weight  earned;  R  = 
rcspiriitorv  exchange  ratio:  (l/min)  divided  by  V, ,,,  (1/min). 

SOI  RCb'  Cureton  and  Sparling  i  l^SO)  by  permission. 
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Table  5-6  Means  ±  SD  tor  Physiological  Variables  Measured  During 
Subniaxinial  I'readtnill  Running  (7  niph) 


Men 

Ol  =  10) 

WoEtieEi  in  =  10 

\  ari.ttilv 

Normal  Weight 

Ailileii  W'ciglit 

Nfjrmal  V\'eight 

\  1  ( 1  '  niiEi 

'i 

>3.4  ± 

K.7 

.s4.S  t  12.1 

46.. ^  ±  7  6 

V, ,  i  1  «  niiEi  * ) 

2.63  + 

t).42 

2.7>)  t  0.5) 

2.05  ±  0.  ^5 

V,,  (ml  »  mm 

'  «  kc  Ft  vv 

'i  42.4  1 

.3.7 

44. K  ±  .s  1 

50.0  r  7.1 

V, ,  (mi  •  Emn 

'  ■  ■]  W  ' 

1  ’'7.S  1 

3.7 

36,3  1  4.2 

40.4  ±  2.1 

Hear!  rate  <  h  > 

mill  ' ) 

143  t 

6 

14')  1  7 

162  ±  0 

03)1  t 

04 

0.,S')  t  0.04 

(t.0.7  ±  0.04 

Non-:;  n 

-  lUimher  ol 

suh|eei’s.  M  W 

=  lal  ireo 

weighi;  TVV  --  loiul 

'ACEghi  earned,  i 

rospiratoiy  owhsingc  rutio:  !/nuiU  iliv uicd  hv  (l/niiiu. 

sol  R(  [-.:  C’uroton  arul  Spvirlini’  by  ponnission. 


woman.  Iheretdre.  dilYerent  percentages  ol'  E-'W  were  added  to  individual 
men.  but  the  average  percent  F-W  adtled  was  equal  to  the  mean  gender 
difference  m  percent  BF-  (7.5  percent). 

The  d'ltt'crencc''  between  the  men  and  women  during  subma.ximal  and 
maximal  running,  and  im  the  12-minute  run.  were  similar  to  those  reported 
in  other  studies  tlables  5-5  and  5-6).  During  running  at  suhmaximal  speeds, 
men  had  higher  absolute  levels  of  ventilation  and  oxygen  uptake,  but  wom¬ 
en  had  higher  heart  rtttes  atid  higher  oxygen  uptake  values  expressed  rela¬ 
tive  to  bodv  weight  iFYW)  or  FE  W.  The  higher  V,,,  (ml/kg  EYW  x  minute) 
indicated  th;it  the  women  had  poorer  running  economy  than  the  men.  which 
was  an  unexpected  finding.  Most  studies  ol  traiiied  runners  have  reported 
no  gender  difference  in  runmni.  economy.  The  mean  expressed  in 

liters  per  minute  and  relative  to  body  weight  was  significantly  higher  in  the 
men.  with  the  mean  gender  ditference  for  tml/kg  BW  x  minute) 

being  6  ml/kg  >  minute  ill  percent),  expressed  relative  to  FE-W 

was  not  significantly  different  in  the  men  and  women,  with  the  mean  gender 
difference  being  Id)  ml/kg  x  minute  (2.H  percent).  Mean  treadmill  run  time 
was  4  minutes  (54  percent)  longer,  and  12-minuie  run  distance  was  56S  m 
(20  (vercent)  greater  in  the  men  than  in  the  women. 

■\s  expected,  the  eftects  of  adding  weight  to  the  men  were  the  same  as 
in  the  tirst  study,  fhe  V,,  during  running  at  submaximal  speeds  expressed 
in  liters  per  minute  or  relative  to  fat  free  weight  v  as  significtmtiy  increased, 
whereas  the  V,,  expressed  relative  to  the  E'W  was  reduced  by  a  small 
amount  I  he  mean  increase  of  2  4  ml  in  V,,  (ml/kg  FFW  x  minute)  elimi- 
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—t - 1 - 1 - A, - 1 - 1 - . - 1 

161  188  215  241  268  295  322 

TM  SPEED  (m  mln'l) 


TM  RUN  TIME  (mm) 

161  188  2(5  241  268  295  322 

TM  SPEED  (m  min  ') 

(1(11  Kt  5  7  Mamh  siibrn.iVKiliil  ciru)  ((i.n(((i;il  Vo,  linl/kii  l;il  irce  wcighl  x  niiiiuio 
and  V  n.  '  iiil/kj;  loial  ucij,’)i!  '  miiuiic)  \alucs  durinii  runninu  at  various  speeds 
dunne  the  treadmill  test  tor  women  and  men  under  (lie  normal  weiglil  iNWi  and 
adiled-weielit  l  AWi  eondilions  Linear  regression  lines  are  lilted  to  the  lour  suli 
iiiasimal  \o,  values  Open  symhois  .ire  observed  v.nue^.  Pr.ii. .-n  v  I'rtieal 

lines  indieale  mean  treadmill  run  times.  SOLRCl,:  Curelon  and  Sparling  t  LtStI)  by 
permissnm 
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nated  32  percent  of  the  gender  difference  for  this  variable.  in  liters 

per  minute  or  expressed  relative  to  FFW  was  not  significantly  affected  by 
equating  excess  weight,  but  expressed  relative  to  body  weight  was 

significantly  reduced  by  an  average  of  3,9  i..l,  which  reduced  the  mean 
gender  difference  by  6.3  percent.  With  excess  weight  equated  in  the  groups 
of  men  and  women,  there  was  no  significant  difference  between  the  men 
and  women  in  expressed  relative  to  TW  or  FFW.  with  mean  differ¬ 

ences  being  2.1  ml  (3.8  percent)  and  2. .3  ml  (3.6  percent),  respectively. 
Addition  ol  weight  to  the  men  reduced  the  mean  gender  differences  in 


15  20  25  JO  15  20  25  30 

%FAT  %FAT 


t  lCil'RF  .5-8  Scalier  diagrams  and  linear  regression  lines  predieling  p  formanees 
on  Ihe  standing  broatl  jump  (SBJ).  ,50  yard  dash  (DASH),  agililv  run  (AR),  and 
modified  pull  up  (MPFi  from  percent  body  fat.  SOlIRCF.:  Johnson  (I'Dxi 
permission 
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treadmill  run  time  and  12-minute  run  distance  by  1.2  minutes  (.^2  percent) 
and  17,^  m  (sO  percent),  respectively. 

F.xaminmg  the  relationships  among  Vo,  expressed  relative  to  FFW  and 
1  vV  during  submaximal  and  maximal  running,  and  treadmill  run  time  (Fig¬ 
ure  ^-1)  revealed  that  the  mechanism  through  which  EW  contributed  to  the 
gender  ditt'erence  in  treadmill  run  time  could  be  explained  in  either  of  two 
complementary  ways.  First,  the  greater  EW  oi  vsitmen  increase.,  the  energy 
required  per  kg  of  FF\*'  to  run  at  any  given  speed  w  ithout  affecting  V,j^ 
(ml/kg  FFW  X  minute).  Thus,  the  percent  V,,, used  at  different  speeds 
is  increased,  the  pace  that  can  be  maintained  for  a  given  duration  i  less, 
anti  V,j  is  reached  at  a  lower  speed  of  running.  Or  second,  the  greatci 
EW  of  wftmen  reduces  the  V,,  expressed  relative  to  BW  wnhtiut  s"^' 
stantially  affecting  the  (ml/kg  BW  x  n  inute)  required  to  run  at  sub- 
maximal  speeds.  The  percent  required  to  ran  at  submaximal  speeds 

is  therelore  icreased  with  the  same  consequences  as  in  the  first  explana¬ 
tion. 

The  concisions  from  this  experiment  were,  first,  that  the  greater  aver¬ 
age  genuer-specific  excess  weight  (fat)  of  women  causes  a  portion  of  the 
gei'der  differences  in  tml./kg  BW  x  mini  and  distance  running  per¬ 

formance.  About  6.S  percent  of  the  gender  difference  in  V,,  (ml/kg  BW 
,  minute)  and  about  .M)  percent  of  the  gender  difference  in  distance  running 
perfi  malice  in  the  sample  studied  were  eliminated  by  removing  'he  gender 
difference  ir  excess  weight  (BE).  A  greater  percentage  of  the  gender  differ¬ 
ences  in  treadmill  time  and  distance  running  performance  (probably  closer 
to  percent)  w\iuid  have  been  eliminated  if  there  had  been  no  difference 
in  running  economy.  And  second,  because  the  additional  gender-specific 
BF  of  women  is  not  eliminated  by  diet  or  physie  d  training,  it  provides  pan 
of  a  biological  justification  for  separate  <’  "ance  running  performance  stan 
dartls  and  c\pectati(>'.s  for  men  and  for  women 

PHV.SiCAL  PERKORMANCK,  BODY  FAT 
AND  WOMEN  ATHFKTETS 

The  third  study  (Johnson,  1978).  in  which  the  AW  model  Wu..  used, 
compared  the  physical  performance  changes  associated  with  increased  BF 
based  on  cross-sectional  data  with  performance  changes  resulting  from  add¬ 
ed  external  weight  in  women  athletes.  The  relationships  between  percent 
BF,  estimated  from  body  density  determined  by  underwater  weighing,  to 
four  physical  performance  tests  (3()-yd  dash,  agility  run.  modified  pull-up. 
and  standing  long  jump)  were  determined  in  M  women  varsity  athletes  at 
the  Dniversity  of  Georgia.  A  significant  iiegativ,.  relationship  between  per¬ 
cent  BF  and  each  of  the  performances  was  found,  although  I  e  correlations 
were  not  high,  ranging  from  about  0,4  to  O.b  (Figure  .S-b).  .Six  subjects 
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FICiL  RF  5-S)  Individual  values  on  the  standing  broad  jump  (SBJ),  5(l-yard  dash 
(DASH),  agility  run  (AR).  and  modified  pull-up  (MPU)  for  the  four  excess-weight 
conditions.  SOURCE:  Johnson  ( Id78)  bv  permission. 


wore  selected  at  random  from  the  44,  and  the  physical  performance  tests 
were  readministcred  with  .“i,  10,  and  I.S  percent  AW.  Performances  on  each 
of  the  tests  decreased  consistently  and  systematically  with  AW  (Figure  5-0). 
The  slopes  of  the  regression  lines  relating  percent  BF  to  the  performance 
scores  based  on  the  cross-sectional  data  were  very  similar  to  the  regression 
lines  indicating  the  average  effect  of  the  AW  (Figure  5-10).  Therefore,  it 
was  concluded  that  changes  in  performance  associated  with  increased  BF 
are  similar  to  changes  that  result  from  AW.  The  results  support  the  validity 
of  the  AW  model  for  investigating  the  effects  of  differences  in  BF  on 
performance  and  provide  experimental  data  indicating  that  relationships  he- 
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FIGURE  5-10  Comparison  of  repression  lines  predieling  the  standing  broad  jump 
(SBJ).  50-yard  dash  (DASH),  agility  run  (AR).  and  modified  pull-up  (MPIM  frotn 

percent  body  fat  ( - )  and  from  percent  e\eess  weight  I - ).  SOlIRCE:  Johnson 

(  i97S)  by  permission. 


tween  percent  BF  and  different  types  of  physical  performance  that  involve 
movement  of  the  BW  are  cause  and  effect  relationships. 
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Army  Data:  Body  Composition 
and  Physical  Capacity 

James  A.  Vof^el  and  Karl  E.  Fried  I 


INTRODUCTION 

Body  dimensions  and  body  composition  arc  known  to  int'luence  the 
capacity  for  pfiysical  performance.  Taller  stature,  for  example,  is  associat¬ 
ed  with  longer  muscle  length,  which  in  turn  is  associated  w  ith  proportional¬ 
ly  greater  muscle  cross-sectional  area  and  muscle  mass  (Astrand  and 
Rodahl.  1986).  The  greater  muscle  area  and  mass  of  the  taller  individual  is 
related  to  proportionally  greater  force  development;  for  example,  strength 
and  aerobic  capacity  are  proportional  to  the  cube  of  height,  with  aerobic 
capacity  also  proportional  to  the  two-thirds  power  of  body  weight  (Astrand 
and  Rodahl.  1986;  Uebbelnick  and  Ross.  1974;  sec  also  Malina,  197.“^). 

Body  composition  associations  with  exercise  capacity  arc  less  well  de¬ 
fined  mathematically  but  nevertheless  arc  quite  evident.  For  example,  it  is 
apparent  that  there  is  a  relationship  between  marathon  running  performance 
and  a  body  type  characteri/.ed  by  leanness  and  modest  muscle  mass,  or 
between  football  defensive  linemen  and  a  large  muscle  mass  and  modest-to- 
high  levels  of  body  fat  (BF).  Thus  in  athletic  performance,  particularly  in 
elite  athletes,  the  influence  of  body  dimensions  and  composition  are  readily 
evident  (McArdIc  et  al..  198.6). 

In  contrast,  the  association  of  body  composition  with  the  capacity  for 
occupational  task  performance  has  received  little  attention.  One  exception 
to  this  may  be  the  military  services  who  use  on-the-job  body  weight  or  BF 
standards  or  both.  At  least  in  the  case  of  the  U..S.  Army,  these  standards  arc 
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said  to  be  based  in  pari  on  the  requirements  for  physical  job  perfor¬ 
mance.  In  recent  years  the  Army  has  become  increasingly  concerned  with 
excess  body  weight  and  BF,  although  this  concern  appears  to  be  focused  as 
much  on  appearance  as  it  is  on  performance.  The  relationship  between 
military  appearance  and  BF  has  been  addressed  earlier  (Hodgdon  et  al.. 
I  WO). 

Physical  fitness  or  the  capacity  for  physical  performance  is  not  a  single 
entity  but  is  composed  of  several  components,  each  representing  a  separate 
source  or  pathway  of  energy  for  muscular  activity.  Although  all  energy  for 
muscular  contraction  is  derived  initially  from  muscle,  the  si/e  of  these 
energy  systems  or  litness  components  are  not  equally  inlTuenced  by  the 
si/e  of  the  muscle  mass  or  the  fat-free  component.  L.ikcwise.  the  rela¬ 
tively  metabolically  inactive  fat  mass  also  does  not  influence  these  fitness 
components  in  similar  ways.  Therefore  our  consideration  of  body  composi¬ 
tion  on  physical  performance  must  differentiate  between  these  components 
of  fitness  capacity. 

The  purpose  of  this  report  is  to  address  the  relationship  of  the  two 
major  components  of  body  composition — fat  and  fat-free  mass  (FFM) — 
w  ith  the  major  components  of  physical  performance  capacity — aerobic  power 
and  strength — and  present  new  data  on  these  relationships  in  a  large  Arms 
population.  Emphasis  is  placed  on  how  these  relationships  might  be  used 
to  establish  BF  standards  for  the  I  .S.  .Army. 


I)K,S[(;N  AM)  METHODS 

I  he  data  presented  here  were  collected  as  part  of  a  larget  project  to 
validate  BF  standards  based  on  objective  criteria,  incliuling  physical  perfor¬ 
mance.  Measurentents  were  made  on  an  unselected  population  ot  soldiers 
at  fort  Hood.  lesas.  and  Carlisle  Barracks.  Pennsv  Iv ania.  The  sample 
obtained  at  Carlisle  Barracks.  wIiaIi  provided  most  of  the  40-1-  age  group, 
consisted  ot  students  Irom  the  .Army  War  College  who  were  likely  to  be 
more  physically  fit  relative  to  the  rest  of  .he  sample.  The  total  sample 
consisted  of  1.126  men  and  26.‘i  women.  Age  and  racitil  distributions  of  the 
sample  are  given  in  Table  6-1. 

Body  composition  was  determined  from  hydrostatic  weighing  (F'il/ger- 
ald  et  al..  lOS?;  (ioldman  and  Buskirk.  1061)  using  the  .Siri  equation  I.Siri. 
1061 )  to  estimate  BF  from  density;  residual  lung  volume  was  measured  by 
oxygen  dilution  (Wilmore  et  al..  1080).  Aerobic  capacity  was  assessed  as 
maximal  oxygen  uptake  t  )  determined  from  a  treadmill  progressive 

running  procedure  (Maksud  and  Coutts.  1071)  that  measured  oxygen  uptake 
by  the  open  circuit  procedure  with  Douglas  bags,  and  maximal  lift  capacity 
(MFC)  by  an  incremental  maximal  lifting  test  to  a  height  of  1,62  cm 
(McDaniel  el  al..  108.1).  Scores  on  two  items  of  the  U  S.  Army's  physical 
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TABLE  6-1  Distribution  of  Sample  by  Gender,  Age  and  Racial 
Grouping 


Mon  (n* 

=  1.126) 

Women  {n 

=  265 ) 

Age 

(jriiup 

White 

Black 

Hispanic 

White 

Black 

Hispanic 

17-20 

102 

40 

14 

.48 

14 

6 

21-27 

20.t 

117 

51 

SO 

67 

S 

2X-.(>) 

167 

SO 

52 

,4.4 

1.4 

4 

4(1+ 

22X 

14 

54 

■> 

— 

Total 

700 

251 

175 

15.4 

44 

IS 

*>i  =  numbor  of  subjects 


fitness  test  (2-mile  run  and  sit-ups)  were  also  collected  by  self-report.  A 
preliminary  description  of  this  study  was  previously  reported  (Fitzgerald 
et  al..  1986). 


RESULTS 

Body  Composition  and  Performance  Capacity  Related  to  Age 

The  U.S.  Army's  BF  standards  are  established  according  to  age,  using 
arbitrary  age  groupings  set  some  years  ago.  Table  6-2  presents  the  mean 
plus  or  minus  standard  deviation  (±  SD)  of  the  body  composition  variables, 
and  Table  6-,^  presents  the  corresponding  values  for  performance  variables 
for  these  established  age  groups.  In  this  sample,  percent  BF  and  fat  mass  of 
men  increased  with  age  across  all  age  groups  while  FFM  was  stable.  Wom¬ 
en's  BF  was  not  different  between  the  first  two  age  groups  (17  to  20  and  21 
to  27  years)  but  did  increase  in  the  third  age  grouping  (28  to  .^9  years). 

Maximal  oxygen  uptake  decreased  through  the  first  three  age  groups  in 
men.  on  an  absolute  basis,  relative  to  body  weight  and  relative  to  fat-free 
weight.  In  women,  the  decrease  was  clearly  evident  only  on  a  body  weight 
basis.  Two-mile  run  time  followed  the  same  pattern  as  (per  kg  body 

weight).  MLC  also  decreased  as  a  function  of  increasing  age  in  men.  most 
prominently  when  expressed  relative  to  body  weight,  but  it  was  largely 
unaffected  by  age  in  the  women's  sample. 


Performance  Capacity  in  Relation  to  Body  Composition 

f-igures  6-1  and  6-2  illustrate  contrasting  expressions  of  aerobic  and 
strength  capacity  in  their  relationship  to  BF  and  FFM  in  men.  The  same 


BODY  FAT  (%  of  BW)  FAT  FREE  MASS  (kg) 

[T(il  RE:  6-1  Rdationsliip  bcivvocn  acroEiic  nines',  and  lat.  and  lal-lree  mass. 
h\  t|uartilcs  in  men. 


patterns  exist  tor  women  F-igure  6-1  illustrates  tFiat  absolute  aerobie  capae- 
ity  (maximal  oxygen  uptake  in  liters  per  minute)  is  not  related  to  the  per¬ 
cent  BF  (metabolieally  inactive  tissue)  but  instead  is  related  to  the  amount 
ot'  F  FM  or.  more  speeitieally ,  to  the  amount  ol'  oxygen-eonsuming  muscle 
mass.  Relative  (per  kg  ot  body  weight),  which  is  typically  used  in 

expressing  aerobie  Fitness,  is  related  to  BF  because  increasing  Fat  increases 
the  denominator  and  thereby  lowers  the  value.  This  relationship 

corresponds  to  the  physiological  situation  where  the  capacity  For  body 
propulsion  is  decreased  as  BF-  or  non-energy-produeing  tissue  ("dead 
wv:igh''')  increases.  This  is  also  relleeted  in  a  similar  association  with  the 
2-mile  run  times.  For  this  reason  V,,  is  expressed  relative  to  body 
weight  when  rcFerring  to  the  capacity  of  moving  the  body  as  in  running. 

Figure  6-2  illustrates  that  absolute  lilting  capacity  is  unrelated  to  BF 
but  directly  related  to  F-'F-'M  in  men.  Absolute  lifting  capacity  is  the  appro¬ 
priate  measure  in  relationship  to  actual  job  task  performance.  Relative  lift 
capacity  (kg  lift  per  kg  of  body  weight)  changes  with  percent  BF-  because  of 
the  changing  denominator.  The  performance  of  sit-ups  is  related  to  changes 
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in  not  F-hM,  ;ipp;irenity  clue  to  tlie  mccFianic;il  interference  of  the  fat. 
Sitnikir  results  vcere  observed  in  the  women. 

I'hese  two  pritnary  associations,  relative  with  percent  BF,  and 

absolute  M1,C'  w  ith  F  FM.  are  shown  in  Further  detail  for  men  and  women  in 
scatter  plots  tn  Figures  6  3  and  6-4.  Tlie  observed  correlations  in  each  case 
are  substatitial.  indicating  that  Bl'  and  FFM  account  for  approximately  itne- 
third  of  the  variability  in  aerobic  capticity  ;md  MI.C,  respeclivelv . 

Keliitionship  to  Fitness  Standards 

Although  a  sttited  purpose  of  the  L,i..S.  .Army's  BF-  sttindards  is  to  ensure 
adeipiate  physictil  performance  capticity  (LFS.  Army.  1986).  the  standards 
were  not  tictuails  based  on  performance  requirements  (ptissing  scores  on  the 
Arttix's  physical  fitness  test)  when  they  were  inititilly  established  and  itn- 
plemented  in  19X2  (I'riedl  et  ;il.,  1989).  Therefore,  the  datti  presetited  here 
were  used  in  a  retrospective  fashion  to  determine  how  well  the  Bl-  standards 
did  in  fact  correspond  to  tlte  ph\sic;d  fitness  standards.  Two  analyses  were 
carried  out. 


BOD^  OUARTILES 


BODY  FAT  (/.  of  BW) 


F=V1  QUARTILES 
.o=2’i1  n=i96  n=197  n=196 


<558  559-604  605-654  >654 

CAT  FREE  MASS  (kg) 


f  Kil  Kf  fv2  Kelaltoii'tiip  betvseen  maximal  lilt  capacitv  iMI.Cl  and  bod\  lal,  and 
lal  tree  mass,  hy  qii.irtiles  m  men. 
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I  he  titsi  anaUsis  wae  preliminary  in  nature  anil  determined  in  a  gen¬ 
eral  tasliiop.  whether  aerohie  fitness  eorresponded  to  the  fat  standard  by 
matehme  (linse  phisically  til  \ersus  those  unfit  against  those  niee'  .ig  and 
those  not  meeting  tlie  fat  standard.  This  vva-.  done  with  the  use  o',  a  2  x  2 
eontingenes  table  plot  (f'igure  b-,S).  A  of  45  ml/kg  bod\  weight/ 

n.mute  was  used  as  a  eutoff  point  to  represent  being  aerobieally  tit.  This 
was  an  initial  attempt  to  determine  if  the  fat  standards  were  in  general 
agreement  with  the  titriess  standards  by  eoinputing  the  number  ot  eorreet 
and  meorreet  matehes.  There  were  74  pereeni  eorreet  classitieations  lor 
men  anil  S4  pereeiil  eorreet  matches  for  women. 

fills  initial  attempt  to  \aliiiatc  fat  standards  based  on  a  single  level  ol 
.lerobie  tiiness  did  not  take  into  account  the  actual  fitness  test  scores  |2- 
mile  run  limes)  and  their  adjustment  by  age.  The  second  analysis  (F-riedl 
and  V  ogel,  in  press)  plotted  the  passing  (minimum)  2-mile  run  time  equiva¬ 
lent  to  \', I  on  a  histogram  of  V, ^  versus  percent  BF.  In  this  ease, 
the  BF  \alue  used  was  that  determined  by  the  I'.S.  .Army's  eireumferenee 
measurement  procedure  as  actually  applied  to  soldiers  m  their  units.  I'he 
irroeedure  was  derived  trotn  atid  validated  against  hvdroslatie  weighing  tV'ogel 
et  al..  I'-tSS),  Ati  example  of  such  a  plot  for  the  youngest  male  age  grou|t  is 
shown  in  l  igure  b-b,  which  identifies  the  percent  BF'  that  corresponds  to  the 
2-tiiile  run  score  requirement.  I'he  ligure  shows  a  very  good  eorrespon- 
denee  hetweeit  (he  aerobic  fitttess  requirement  etui  the  BF  siandttrd  that  had 
beer,  previously  est.iblished  lor  ibis  age  group.  20  pereem  BF’.  The  eorre- 
spondenee  of  these  points  tor  all  age  groups  in  men  is  shown  in  Table  b-4. 


FIT*  UNFIT* 


WITHIN 

No 

FAT 

Match 

Match 

STANDARD 

I 

EXCEED 

No 

FAT 

Match 

Match 

STANDARD 

“  Refers  to  cut  point  of  45  ml  V02max 

I  Kit  Kf.  (i-5  2  s  2  eoiitiiigenev  table  for  validating  body  lat  slaiulaids  against 

.leidl'K  pel tomiaiiee  bv  determining  the  percent  ol  eorreet  matches. 


H(H>\  {  ourosmos  wn  /•hyskm.  y  \/-  \(  iiy 


VOiimax  (ml/kg/min) 
l'  r  =  -0.48;  N  =  130 


2  MILE  RUN  TIME  EQUIVALENT 


1 00 
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TABLK  6-4  Concspondence  between  Aerobic  Fitness 
Requirement  (2-Mile  Run  Time)  and  Established  Body  Fat 
Standard  by  Age  Group  in  Men 


2-.Mile 

^  (>,  max 

Body  Fal 

Eitncss 

.StaiKijrd 

Fiquivalent 

Correspondence 

Body  Eat 

Age  Clri  up 

(min) 

Iml/kg/min) 

(7f) 

Standard 

17  21 

l.S:,S4 

46.4 

20 

20 

22  26 

16:. 26 

44.4 

22 

t2  26 

18:00 

.24  4 

27 

24 

42-16 

l'J:()6 

.2,S.7 

28 

26 

NOTE:  Age  groups  for  filness  and  body  fat  are  not  Identital. 


tick!  fitness  test.  The  current  U.S.  Army  fitness  test  for  strength  or  strength 
endurance  is  sit-ups  and  push-ups.  Neither  of  these  items  are  correlated 
with  an>  actual  Army  tasks,  such  as  lifting  (Meyers  et  al..  1984).  Thus  in 
attempting  to  identify  a  minimal  FFM  standard,  appropriate  test  item  mea¬ 
sures  of  strength  vvould  first  need  to  be  identified  that  are  suitable  for  the 
Army's  fitness  test  battery. 


DISCUSSION 

The  data  presented  here  show  a  moderate  relationship  between  both 
aerobic  and  strength  capacity  with  certain  body  composition  components  in 
a  heterogenous  population.  These  relation.ships  are  explained  by  the  physi¬ 
ological  fact  that  greater  muscle  mass  will  produce  greater  muscular  strength 
or  lift  capacity,  as  well  as  maximal  oxygen  uptake,  while  greater  fat  mass 
will  increase  the  required  relative  amount  of  oxygen  uptake  to  propel  the 
oody  that  has  more  dead  weight  to  propel. 

These  relationships  are  important  in  the  military  and  other  occupational 
settings  for  two  reasons:  ( 1 )  to  set  body  composition  standards  that  will 
support  the  level  of  physical  performance  capacity  that  is  required  and  (2) 
to  appropriately  express  fitness  capacity  tailored  to  different  occupational 
activities.  In  regard  to  the  former,  it  might  be  argued  that  if  one  displays 
adequate  fitness  capacity  (passes  the  fitness  test)  or  can  successfully  per¬ 
form  the  physical  demands  of  his  or  her  job.  then  a  body  composition 
standard  is  unnecessary.  However,  a  body  composition  standard  (that  is,  a 
minimum  requirement)  at  least  for  BF,  is  added  insurance  for  achieving  the 
desired  level  of  fitness.  Because  fitness  tests  are  not  perfect  measures  of 
capacity,  nor  is  fitness  capacity  a  perfect  indicator  of  job  performance  abil¬ 
ity,  a  BF  standard,  in  this  case  percent  BF.  would  be  an  additional  indica- 
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tion  of  adequate  level  of  physical  activity  and  capacity  for  a  particular  level 
of  desired  physical  performance.  Furthermore,  even  with  an  adequate  ca¬ 
pacity  level,  an  inappropriately  high  BF  may  be  a  risk  factor  for  musculo¬ 
skeletal  and  heat-related  injuries.  This  risk,  along  with  the  added  relation¬ 
ships  between  BF  and  appearance  or  health,  at  least  in  the  military  and 
public  safety  arenas,  seems  to  justify  the  desirability  of  body  composition 
standards  in  addition  to  fitness  standards. 

With  respect  to  the  appropriate  expressions  of  physical  capacity,  body 
composition  is  important  when  contrasting  fitness  capacities  between  gen¬ 
ders  or  between  individuals  of  different  body  size  or  stature.  In  such  cases, 
differences  in  exercise  capacity  may  be  largely  accounted  for  simply  by 
differences  in  body  weight,  BF,  or  muscle  mass.  In  comparing  strength 
capacity  of  men  and  women,  absolute  force  is  a  more  appropriate  expres¬ 
sion  relative  to  job  performance,  while  strength  (force)  per  unit  of  FFM 
would  be  advantageous  when  evaluating  the  response  to  a  training  program 
or  comparing  the  contractile  “quality”  of  muscle. 

max  expressed  in  liters  per  minute,  uncorrected  for  body  or  muscle 
mass,  provides  a  measure  of  the  total  amount  of  aerobic  power  that  the  body 
can  produce  and  is  positively  related  to  the  absolute  quantity  of  muscle 
present  (Buskirk  and  Taylor,  1957;  Welch  et  al.,  1958).  For  the  same  level 
of  training  and  fat  mass,  muscular  individuals  are  likely  to  outperform  less 
muscled  individuals  when  significant  amounts  of  external  weight  are  car¬ 
ried  or  backpacked.  This  difference  is  due  to  the  proportionally  smaller 
"dead  weight"  being  carried  by  the  more  muscular  individual.  The  greater 
the  external  load,  the  more  appropriate  is  the  use  of  the  expression  of  abso¬ 
lute  aerobic  capacity  (  Vq, in  liters  per  minute)  as  compared  to  minimal 
or  no-load  conditions  where  adju.sted  by  body  weight  is  more  useful. 

A  final  comment  is  appropriate  regarding  the  question  of  whether  BF 
content  alone  is  a  good  indicator  of  aerobic  fitness  (Parrish  and  Gustin, 
1986;  Slack  et  al.,  1985).  Direct  measures  of  aerobic  capacity  )  or 

aerobic  performance  (for  example,  2-mile  run  for  time)  will  always  be  pref¬ 
erable  to  indirect  indications  such  as  BF  when  assessing  an  individual's 
ability  to  carry  out  aerobic  tasks  if  there  are  no  measurement  constraints. 
The  fact  that  percent  BF  is  correlated  rather  well  with  (an  r  of  about 

0.6)  suggests  that  there  may  be  limited  applications  where  fat  content  could 
be  used  as  a  screening  device  or  indicator  of  relative  fitness  in  population 
studies.  It  is  inappropriate  as  an  estimate  of  aerobic  fitness  in  groups 
homogenous  in  terms  of  fitness  or  fatness,  in  highly  fit  individuals,  or  in 
following  changes  in  fitness  of  individuals  during  training. 

In  sum.  physical  capacity,  in  the  context  of  occupational  task  perfor¬ 
mance.  is  related  to  body  composition  in  a  heterogenous  population,  with 
BF  accounting  for  about  one-third  of  the  variability  seen  in  aerobic  capacity 
and  FFM  accounting  for  one-third  of  the  variability  in  muscle  endurance/ 
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lifting  capacity.  The  expression  of  physical  capacity,  whether  uncorrected 
for  body  size  or  composition,  depends  on  the  physical  activity  or  compari¬ 
son  of  concern.  BF  content  can  also  be  used  in  some  circumstances  as  an 
indicator  of  aerobic  fitness.  The  U.S.  Army's  BF  standards  for  men  corre¬ 
spond  to  the  aerobic  standards  in  the  younger  age  groups  but  deviate  in  the 
older  groups  due  apparently  to  the  influence  of  an  appearance  criterion. 
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The  Relationship  of  Body  Size  and 
Composition  to  the  Performance  of 
Physically  Demanding  Military  Tasks 

Everett  A.  Harman  and  Peter  N .  Frykman 


INTRODUCTION 

The  most  common  physically  demanding  tasks  in  the  U.S.  Army  are 
lifting  and  carrying  (including  load  carriage).  Typical  military  lifting  tasks 
include  loading  artillery  shells,  lifting  supplies  onto  and  removing  them 
from  trucks,  moving  construction  components,  and  assembling  or  disassem¬ 
bling  heavy  equipment.  Most  lifts  involve  raising  un  object  from  the  ground 
to  between  waist  and  shoulder  height.  Carrying  is  usually  associated  with 
lifting.  A  soldier  is  generally  expected  to  lift  objects  weighing  as  much  as 
.■sO  kg  single-handedly,  with  heavier  objects  lifted  by  more  than  one  individ¬ 
ual.  Most  of  the  objects  lifted  do  not  have  handles.  In  heavy  lifting  jobs, 
S.s  to  20()-pound  objects  may  be  lifted  and  carried  up  to  200  yards  by  a 
single  individual.  Packs  in  excess  of  100  pounds  and  other  heavy  loads 
may  he  lifted  and  carried  for  several  miles  (Myers  et  al..  108.^;  U,.S.  Army. 
1078). 

I 'nfortunately .  large  numbers  of  recruits  have  left  the  military  because 
of  failure  t(j  cope  with  physically  demanding  military  training  and  work. 
.Some  enlisted  personnel  have  been  unable  to  carry  out  their  jobs  or  have 
become  injured  while  lifting  or  carrying  heavy  equipment  and  supplies  (Myers 
et  af.  108^1.  An  important  question  one  must  ask  is  whether  military 
•'Creenmg  tests  are  effective  in  excluding  from  service  individuals  likely  to 
be  either  ineffective  in  performing  their  assigned  tasks,  or  prone  to  injury 
due  to  physic.il  weakness. 
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Aside  trotn  the  statulard  ptiysician's  examination,  the  main  physical 
screening  tool  tor  entry  into  the  r..S,  .Army  is  a  table  ol  maximal  body 
weight-tor  height  (accession  standard  AR  4()-.S()|)  (K.  E-i.  F-riedl,  L'.S.  Army 
Research  Itistitute  ot  [{nvironmental  Medicine,  unpublished  data).  Eixees- 
sive  body  weight  lor  heigtit  is  used  to  inter  obesity.  The  Army  physical 
titness  test,  which  is  based  on  age-specific  standards  for  push-ups,  sit-ups 
and  2-mile  run  time  is  not  an  entry  screening  test  and  is  not  administered 
until  alter  the  start  ot  basic  training.  A  lifting  test  on  a  slack-type  weight 
machine  is  administered  to  potential  recruits  to  help  advise  them  whether 
they  might  have  difficulty  performing  physically  demanding  jobs,  but  it  is 
never  used  to  excliule  anyone  from  a  military  occupational  specialty. 

Associations  Among  Body  Fat,  Load  Carriage  Ability, 
and  Running  Performance 

A  sound  itieoreiical  basis  exists  lor  believing  that  excess  body  fat  (BE) 
IS  detrimental  to  [lerti'miance  Adipose  tissue  mainly  serves  the  purpose  ot 
energy  storage.  It  is  nonconirtictile  ami  cannot  assist  in  force  generation, 
'l  et  It  ti;is  mass  and  weigtti,  wttich  increases  the  force-generation  require¬ 
ments  ot  the  muscles  lor  support  ol  body  segments  against  gravity  atid  to 
overcome  mertia  dtiring  acceler.ition  (Boileau  ;md  l.tthtnan.  l‘)77).  .Accord- 
mg  to  Newton's  secotiil  law,  torce  equals  mass  times  acceleration,  so  that 
.tccclertitioti  ev|u;ils  tiiree  divideil  by  mass  (Meriam.  197X). 


Eorce  =  Mass  x  Acceleration 
Acceleration  =  E-'orce  /  Mass  (  I  ) 

Eor  an  individual  with  a  given  amount  ol  muscle  tissue  and  lorce-genera- 
tii'P  capa.bility.  fat  ileposits  increase  the  ma' s  and  thus  the  weight  ami  iner 
tia  of  body  segments.  Table  7-1,  based  on  calculations  using  equatioti  1, 
shows  that  for  a  given  amount  of  force  applied  to  an  object,  a  10  percent 

table;  7-1  [  ,oss  in  .Acceleration 

with  Increase  in  Mass  (iiven  a 
Fixed  Eorce 


InkTcasc 
in  Mavs  ('f  » 


Dck  TOUNC 

in  Accelcralion  \ 


HOD)  M/I  (  il\ll‘OsniO\  \\n  Mill!  \K}  I  \SKS 
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increase  in  the  obieet's  mass  reduces  acceleration  by  9  percent.  A  20 
percent  increase  m  mass  red  ices  acceleration  by  17  percent,  and  so  on.  Fib 
then  reduces  the  rate  at  uinch  the  body  can  be  accelerated,  as  when  speed 
or  direction  are  rapirlly  chanced. 

l  or  endiiratice  actisities.  where  rale  ol  energy  production  is  a  limiting 
laclor.  tat  weight  is  detrimental  because  the  work  performed  in  raising  an 
obiect  to  ;i  given  height  is  proportional  to  its  weight,  and  energy  required  is 
directly  related  to  work  performed.  I  he  body  's  center  of  mass  is  raised 
repeatedly  during  locomotion.  F  rom  a  simplified  point  of  view  the  net 
power  output  during  running  equals  body  weight  times  the  vertical  center  of 
mass  travel  per  stride  divided  by  the  time  per  stride.  Increasing  either  body 
weight  or  the  vertical  travel  of  the  center  of  mass  raises  the  power  require¬ 
ment.  Also,  with  all  else  being  equal,  a  more  rapid  stride  frequency  — 
which  results  in  a  shorter  stride  time  in  which  the  work  of  raising  the  body 
is  perfortned  —  mcretises  power  output.  Because  sustainable  tnaximal  power 
output  IS  limited  by  tine's  anaerobic  threshold,  when  an  individual's  body  is 
fatter,  it  cannot  be  raised  and  lowered  as  frequently  as  when  it  is  leaner, 
unless  It  is  raiseil  ;i  shorter  distance  per  stride.  All  else  being  equal,  the 
lowering  of  either  stride  frequency  or  vertical  center  of  mass  travel  (and 
thereby  stride  length)  reduces  running  speed. 

I  here  is  cotisiderable  evidence  that  fat  weight  can  diminish  running  per- 
tormance.  C'ureton  et  al.  (t97S)  performed  experiments  in  which  they  added 
weight  to  the  trunks  of  runtiers  to  simulate  the  eflecls  of  fat  weight.  It  was 
loutid  th;it  the  added  weight  systematically  and  significantly  decreased 
expressed  relative  to  body  weight  (which  inelutied  the  added  mass) 
but  did  tiot  decrease  absolute  nor  relative  to  lean  body  weight. 

Ihe  atided  weight  decreased  endurance  time  on  a  ireadtnill.  the  speed  ol 
which  was  mcretised  every  2  minutes,  and  shortened  maxim;il  distance  run  in 
12  minutes,  F  itteen  percent  adderl  weight  decreased  the  speed  of  the  12- 
minute  rim  by  S.b  percent.  The  experiment  showed  a  negative  effect  on 
running  performance  attributable  to  excess  weight  alone,  independent  of 
any  chatige  in  cardiovascular  capacity.  In  a  similar  experiment.  C'ureton 
and  Sparling  (IdSO)  phiceil  weights  on  eacFi  male  subject  to  simulate  tne 
percent  BF-  of  a  paired  wotiieti  subject.  F'he  weighting  reduced  men-women 
ditferences  by  about  one  third  for  both  tre;idmill  run  time  and  12-minute 
run  distance,  and  by  two-thirds  for  V,,  ,,,1^  relative  to  total  running  weight. 

Based  on  signilictmt  correlations  ot  percent  I^F-  with  both  time  required 
to  run  a  fixed  distance  and  distance  covered  in  a  fixed  amount  of  time, 
studies  have  showti  that  fatter  individuals  lend  not  to  perform  as  well  in 
unloaded  running  as  do  leaner  individuals.  Table  7  2  shows  correlations^ 
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TABLK  7-2  C  orrelalions  of  PcrL'cnt  Body  Fat  with  Run  Performance 
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bctv^een  percent  lat  and  runnine  performance  for  several  reported  studies. 
It  can  be  seen  that  the  relationship  between  percent  BF  and  runnine  perfor¬ 
mance  is  not  strong.  However,  all  of  the  studies  showed  some  detrimental 
effect  of  percent  Bf  on  running  performance. 

Women  m  the  .Army  show  a  weaker  relationship  between  percent  BF 
and  running  performance  than  do  men.  One  reason  might  be  that  the  wom¬ 
en  show  less  variation  in  percent  Bf-.  so  that  other  factors  such  as  cardio¬ 
vascular  status,  skeletal  proportion,  and  motivation  can  exert  greater  inllu- 
e  n  c  c . 

1  he  relatively  weak  association  between  percent  Bf-  ami  2-mile  run 
time  indicates  that  an  individual's  running  ability  cannot  be  well  predicted 
bv  fatness,  fhere  are  many  tatter  individuals  who  can  run  faster  than  leaner 
ones  and  many  lean  individuals  who  do  ikM  run  as  fast  as  expected. 

Despite  the  fact  that  the  2-mile  run  is  part  of  the  semiannual  physical 
fitness  test  that  soldiers  must  take,  there  is  little  evidence  that  unloaded 
running  abililv  rehites  to  military  performance.  Running  more  than  a  mile 
wiihtHit  a  load  is  ;i  task  rarelv  demanded  ol  a  soldier.  One  might  assume 
that  a  soldier  who  can  run  better  without  a  load  can  run  belter  with  one  as 
well.  Ihis  may  not  he  the  case,  fn  experiments  in  which  the  performances 
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ot  both  load  carriage  and  unloaded  distance  running  have  been  assessed. 
Knapik  (U  S.  Army  Research  Institute  of  Environmental  Medicine,  unpub¬ 
lished  data)  found  a  correlation  of  only  0.16  between  the  2-mile  run  time 
and  20-kni  load  carriage  time,  while  Kraemer  et  al.  (1987)  found  a  0.6.7 
correlation  between  2-mile  run  times  with  and  without  a  load.  One  reason 
for  the  higher  correlation  among  Kraemer's  subjects  was  that  both  run  and 
load  carriage  were  conducted  over  the  same  distance  and  course.  The  20- 
km  distance  is  much  more  typical  of  military  marches  and  normally  in¬ 
volves  considerably  more  walking  than  running. 

Why  is  the  association  between  performances  in  load  carriage  and  run¬ 
ning  not  stronger.’  The  answer  seems  to  be  that  it  takes  a  different  body 
type  to  carry  loads  well  than  to  be  a  good  runner.  Table  7  .7  shows  the 
typical  body  build  of  competitive  middle-  to  long-distance  runners  (McAr- 
dle  et  al..  1986).  It  can  be  seen  that  they  are  slight  of  build  and  lean.  Elite 
runners  are  even  more  slightly  built  and  linear  than  very  good  runners,  as 
shown  by  Bale  et  al.'s  ( 19H.‘>.  1986)  measurements  of  both  men  and  women 
distance  athletes.  Tanaka  and  Matsuura  il982)  showed  that  sim.ple  anthro¬ 
pometric  measures  of  linearity  and  leanness  account  for  as  much  variance  in 
running  ability  as  do  and  cardiac  output  combined. 

Not  only  is  the  leaner  individual  favored  in  unloaded  distance  running, 
but  so  is  the  smaller  individual  who  carries  less  muscle  tissue.  In  their  text 
on  work  physiology.  Astrand  and  Rodahl  (1986)  extensively  discussed  the 
effects  of  body  si/e  on  performance,  that  was  based  on  an  earlier  exposition 
by  Hill  ( I9.‘S0).  They  explained  why  larger  people,  even  if  lean,  could  not 
be  expected  to  run  distances  as  effectively  as  smaller  people.  Their  argu¬ 
ment  was  based  on  the  way  the  various  body  dimensions  change  as  body 
si/e  changes.  Table  7-4  shows  how  some  selected  dimensions  change 
with  height  if  body  proportions  remain  constant.  Because  areas  are  two- 
dimensional.  they  ;ire  related  to  the  square  of  height.  Volume  is  three- 
dimensional  and  thus  related  to  height  cubed.  Elow  rates  are  related  to  the 
square  of  height,  while  frequency  and  acceleration  are  inversely  related 
to  height.  The  derixations  ol  these  relationships  are  outsiiie  the  scope  ot 
this  paper. 


T.‘\BLE3  7-3  Typical  Body 
Measurements  of  Marathon  and 
Middle  Distance  Runners 
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I'ABLK  7-4  Various  Dimensions 
as  Functions  ol  Fleight  (H) 
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Assuming  constant  body  proportions,  oxygen  requirement  is  related  to 
body  mass,  which  is  in  turn  proportional  to  height  cubed.  Oxygen  transport 
depetids  on  cardiac  output,  which  is  a  flow  rate  proportional  to  height  squared. 
Thus  as  body  si/e  increases,  oxygen  requirement  increases  faster  than  does 
the  ability  to  transport  oxygen.  It  is  for  this  reason  that  Astrand  proposed 
measuring  aertibic  fitness  in  terms  of  ml  x  V,g  -  '  x  minute  '  rather  than  the 
conventional  ml  x  kg  '  x  minute  which  favors  the  smaller  body.  Maxi¬ 
mal  oxygen  uptake  in  absolute  terms  increases  with  body  weight  but.  ex¬ 
pressed  relative  to  body  mass,  decreases  with  body  weight.  .As  a  function 
ot  body  mass  raised  to  the  two-thirds  power,  it  remains  constant  over  a 
wide  range  of  body  weights,  it  must  be  made  clear  however,  that  oxygen 
uptake  expressed  in  the  standard  ml  x  kg  '  x  minute  '  is  closely  related  to 
distance  running  performance.  Correlation  of  O.MI  for  men  and  ().8b  for 
wometi  between  running  performance  and  rate  of  oxygen  uptake  expresseil 
relative  to  body  mass  enabled  Mello  ei  al.  ( 19XXa)  to  ilevelop  equations  that 
ellectively  predict  relative  oxygen  uptake  from  2-mile  run  time,  rtius,  us¬ 
ing  .Astriind  and  Kodahl's  (19X6)  reeommendeii  kg-'*  for  equaling  aerobic 
titness  ot  people  ol  diflerent  sizes  might  iiuiicate  one's  fitness  relative 
to  similar-si/ed  individuals.  It  doesn't  however,  alter  the  fact  that  smaller 
people  are  more  likely  to  run  faster  over  middle  to  long  distances. 

Law  iBurtoot,  1990)  developed  tables,  based  on  .‘i.OOO  lO-km  perfor¬ 
mances  and  over  7.000  marathon  performances  Irom  the  19X7  Marine  Corp' 
Marathon,  to  compare  both  men  and  women  of  differing  body  weight.  Ta 
ble  7-,S  shows  the  ninety-ninth,  ninetieth,  seventy-fifth  and  fiftieth  percen¬ 
tile  performance  tintes  for  the  mens'  lO-km  run.  It  can  be  seen  that  at  each 
percentile,  ilie  huger  runners  were  considerably  slower.  For  example,  the 
ninety-ninth  percentile  10-km  run  lime  was  almost  It)  minutes  slower  for 
men  over  195  pounds  than  for  those  under  155  poumis.  .Astrand  and  Rovlahl's 
(  19X6)  theory  is  suppvrrted  in  that  the  times  in  the  table  are  close  to  those 
calculated  if  oxygen  uptake  in  liters  per  minute  increases  with  the  two 
thirvls  power  of  body  mass,  and  running  speed  is  proportional  to  oxvgen 
uptake  in  ml  x  kg  '  x  niinute  '. 
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I'ABl.K  7-5  Times  in  Minutes  lor  the  lO-kilometer  Run 
Ketereneed  by  Pereenlile  and  Body  Weight 
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l.oad  carriage  ability  is  not  \cell  preiiieted  by  unloaded  running,  because 
although  a  slight  body  build  is  well  adaptetl  to  unloaded  running,  it  is  not  well 
adapted  to  huul  carriage,  particularly  as  loads  become  hea\  y.  Larger  people 
lend  to  have  greater  lean  body  mass  (LBM)  which  helps  to  support  and  move 
the  loatl  carried  Table  7-6  shows  cv>rrelalions  oT  LBM  with  both  height  and 
body  weight.  It  can  be  seen  that.  Tor  Kith  men  and  women.  I  BM  is  well 
lelatetl  to  total  body  weight,  at  least  Tor  a  young,  military  population. 

Association  of  I, can  Body  Mass  with  Military  Performance 

Table  7-7  shows  correlations  oT  load  carriage  perTormance  wdh  LBM 
aiul  peicent  BT.  It  can  be  seen  that  Tatness  is  associated  with  slower  load 
carriage  Higher  l,BM  is  associated  with  Taster  loaii  earriage.  The  correla- 
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T ABl.K  7-7  (Orrcljlioiis  ol  l.iKid  Carriaui.'  PcrtormaiKc 
witli  l-can  Bnd^  Mass  ami  IVrceni  Body  l  at  in  Male 
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tions  are  siroiieer  lor  I  BM  lhan  lor  percent  Bl  ,  Ii  thi:s  nia\  be  more 
imporlaiu  to  screen  potentKil  recriiiis  lor  I.BM  than  lor  percent  IM-. 

Adtled  esidenie  as  to  the  iinporltince  ol  I.BM  Tor  perlormance  ol  niiii- 
lary  i.isks  is  the  pi>siti\e  rehitionship  hetvyeen  I.BM  and  liltiny  ability. 
Table  S  shoyy  s  correlations  ol  liltine  peirorniance  yviih  I.BM  ;ind  percent 
Bl  ,  It  IS  clear  that  I.BM  is  an  important  tauor  in  littiiiL’,.  much  more  so 
tlian  percent  Bh.  The  loyy  but  positixe  coiTrdations  ol'  persent  Bl-  yxiih 
littinc'  ability  sueL’e>t  a  yxetik  trend  lor  Tatter  peoole  to  lilt  more  etleetiyely. 
probtibly  becaitse  individuals  yvith  more  tat  tend  to  haye  gretiter  LBM 
Table  7-9  shoyvs  the  yveak  but  positive  associaln'ii  amone  men  betyxeen 
I  BM  and  tatness.  Hoyveyer.  the  Myers  el  til.  il*)S.')  rlala  suggest  that  the 
trend  declines  or  even  disappetirs  vyjtii  training,  probably  as  the  latter  men 
lose  yyeighi,  l  igure  7-1.  Irom  the  work  oT  K.  T.  TriedI  (unpublished)  shoyys 
that  men  above  the  BT  standard  lose  body  yveight.  ychile  those  beloyy  the  Bl- 
standard  g.im  binly  yveight  during  basic  irtiming.  Oyerall.  men  gain  about 
7.‘’  kg  ol  I.BM  during  basic  training,  while  losing  I  to  2  percent  Tat.  Worn 
en  also  gain  .ibout  2. .7  kg  of  1  BM  m  basic  training,  but  there  is  ilisagree- 
ment  as  to  whether  they  gain  or  lose  in  percent  body  lat  (K.  b.  I  riedl. 
unpublislied;  Myers  at  al..  IbS.T  Teves  el  al..  IPH.*!). 

The  yyeaker  correlations  Tor  women  than  tor  men  betyveen  lean  body 
weight  and  lilting  ability  might  be  related  to  lack  oT  experience  among 
yeomen  yvith  lifting,  yvhich  results  m  greater  variability  m  technique.  It 
should  also  be  noted  that  the  correlations  listed  tor  the  Mvers  et  a!  i  lbS2) 
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stLiolo  arc  bcturc  basic'  training,  'tot  iho  corrcltitions  betwcon  l.BM  and 
lifting  abilitv  staved  quite  eonslttnl  through  both  basic  training  and  ad- 
vaneei.1  individual  training.  The  relationship  between  LBM  and  lifting  abil- 
it>  /or  uo/nen  aetu.illv  strengthened  after  training,  probable  due  to  "r  O'e 
witli  litting,  which  lessened  variabiliiv  in  technique,  b'  -■<  ..asi.  correla¬ 
tions  rd  lifting  abilitv  with  percent  Bl-  dropped  ti-'  airr'iit  zero  after  basic 
training  for  both  men  ami  women,  tmd  reinainec  there  through  mivanced 
individual  training.  Thus.  |iercent  HI’  of  the  working  soioiei  -.hP'.'-n  -  '•  ^e 
unielateri  to  litting  abilitv . 

In  adilition  to  being  positivelv  associaterl  with  load  carnage  and  lilting, 
I  BM  is  related  to  other  military  task  performances,  iable  7-10  shows  that 
l.BM  tended  lo  be  positively  associated  with  the  ability  tc'  push,  cariv  and 
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exert  torque.  .As  ohserxed  firr  lifting.  Ie;in  body  mass  was  a  better  indieator 
of  performanee  ability  than  xxas  percent  BH.  There  xxas  a  weak  trend  for 
fatter  people  to  push  and  exert  torque  belter,  probably  beetiiise  they  could 
use  their  fat  mass  'o  generate  momentum  (Myers  el  ah.  lOS.T). 


Discussion  and  Conclusions 

Where  does  all  this  lead.’  l-al  weight  clearly  impairs  disttmee  running 
ability  ,  hut  distance  running  is  rarely  required  of  soldiers.  The  performan¬ 
ces  of  common  physically  demanding  military  tasks,  including  load  car¬ 
riage.  lifting,  pushing,  and  exerting  torque,  are  more  closely  related  to  I  BM 
than  to  percent  Bb.  Thee  is  even  a  weak  trend  for  binly  fatness  to  improxe 
performance  in  lifting,  pushing,  and  torque  exertion. 

I  he  evidence  presented  suggests  that  minimum  I.BM  standards  m.iy  be 
more  important  to  military  performance  than  are  maximum  percentage  Bb 
stamlards.  Perhaps  recruits  should  he  required  to  meet  standards  for  both 
minimum  I.BM  and  maximum  percent  BF. 

Another  alternative  is  to  eliminate  Bb  standards  completely  in  laviir  ol 
performance  teas.  Despite  the  consistent  trend  for  I.BM  to  be  associated 
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\sith  littinti  ,uui  load  carriage  abiliiy.  the  correlation  ct'et'l'icietits  are  lair  at 
best.  Thus,  depending  on  their  stringency.  br)dy  composition  standards 
couki  exclude  maiiv  potential  recruits  capable  of  effectively  performing 
militars  jobs  well  and  grant  entry  to  many  individuals  physically  incapable 
of  satisfactorily  performing  their  military  jobs. 

In  contrast  to  the  .Army,  many  police  and  fire  departments  only  accept 
applicants  who  pass  physically  demanding  performance  tests  that  closely 
simulate  job  tasks.  .Advantages  of  this  approach  include 

•  actual  performance  is  tested,  rather  than  performance  by  inference. 

•  recruits  who  pass  physicaily  demanding  performance  tests  might  be 
less  likely  to  be  injured  alter  enlistment,  saving  the  Army  medical  and  lost 
ssorktorce  costs, 

•  attrition  might  be  reduced  because  potetitial  applicants  not  physically 
t'r  psy  chologically  prepared  for  the  demands  of  military  duty  are  less  likely 
to  be  able  to  train  themsehes  to  pass  pltysically  demanding  performance 

tests. 

•  such  testing  would  not  necessarily  lower  the  rate  trf  recruit  accep¬ 
tance,  It  might  help  to  select  applicants  more  suited  to  their  jobs  atui  less 
likely  to  prematurely  leave  the  military. 

In  aififition.  it  does  not  appear  tliat  the  existing  .Army  [thy  sical 
(Pi  t  test  would  be  effective  lor  entry  screening.  Table  7-1  1  shows  some  ol 
the  minimal  existing  tlata  relating  physical  fitness  test  scores  to  lifting  and 
load  carriage,  the  two  ntost  common  physically  demanding  Army  tasks.  Of 
the  three  studies  listed,  the  correlations  from  Myers  et  al.  tl9X.7t  are  based 
on  the  largest  number  of  subjects  and  indicate  only  a  weak  positive  assoi.ia- 
tion  between  number  of  push  tips  and  maximal  lifting  tibility.  The  correla- 
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TABl.K  7-11  Correlations  of  Army  Physical  Fitness  Test  (PT) 
Scores  with  Lifting  and  Load  Carriage  Perlbrmance 


Lifting  Load  Carriage 
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tions  of  2-mile  run  performance  with  lifting  show  no  association  in  the 
M>'ers  et  al.  (1983)  data  and  weak  association  in  the  Harman  et  al.  (1988) 
report,  where  the  negative  correlation  indicates  some  tendency  for  the 
better  runners  to  lift  less  effectively.  This  is  not  surprising  given  the  ten¬ 
dency  for  greater  l.BM  to  be  detrimental  to  running  ability  but  salutary  to 
lifting  ability.  The  J.  Knapik  data  (unpublished)  also  show  little  relation¬ 
ship  between  the  physical  fitness  test  scores  and  load  carnage  ability. 

There  are  obvious  reasons,  in  addition  to  the  differences  between  load¬ 
ed  and  unloaded  running  abilities  already  discussed,  why  the  PT  tests  do 
not  effectively  predict  military  task  performance.  The  first  relates  to  As- 
trand  and  Rodahl's  (1986)  discussion  of  body  si/e.  Assuming  constant 
body  shape,  body  weight  increases  with  the  cube  of  height,  while  strength, 
which  reflects  muscle  cross  sectional  area  (Ikai  and  Fukanaga.  1968;  Ryushi 
and  Fukanaga.  1986).  is  proportional  to  the  square  of  height.  Because  muscle 
strength  does  not  keep  pace  with  increasing  body  mass,  larger  individuals  are 
at  a  disadvantage  in  manipulating  their  own  bodies.  Thus,  smaller  people 
can  more  easily  perform  push-ups  and  sit-ups  but  cannot  lift  as  much  be¬ 
cause  the  greater  aosolnte  strength  of  larger  muscles  can  be  effectively 
applied  to  the  manipulation  of  objects  e.xicinal  to  the  body,  as  in  lifting. 

.An  additional  reason  why  push-up.  sit-up.  and  2-mile  run  scores  are  lun 
strongly  associated  with  military  task  performance  relates  to  the  concept  of 
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Strength  specificity,  which  holds  that  the  more  dissimilar  two  exercises  are, 
the  less  their  performances  can  be  expected  to  be  associated.  The  move¬ 
ments  involved  in  push-ups  and  sit-ups  arc  quite  dissimilar  to  those  in¬ 
volved  in  lifting  and  load  carriage.  The  development  of  new  physical  fit¬ 
ness  tests  more  specifically  related  to  military  tasks  would  require  careful 
analysis  and  experimentation. 

There  are  many  different  jobs  in  the  U.S.  Army,  yet  all  soldiers  must 
meet  the  same  age-  and  gender-specific  standards  for  BF  and  physical  fit¬ 
ness.  Because  the  Army  is  already  dealing  with  great  diversity  and  com¬ 
plexity  in  tither  areas,  perhaps  it  can  also  deal  with  a  limited  number  of 
different  physical  standards  for  different  Jobs.  Tough  standards  could  be 
applied  to  combat  units  and  physically  demanding  occupational  specialties. 
More  lenient  standards  for  non-physically  demanding  Jobs  could  help  avoid 
excluding  fatter  or  weaker  individuals  who  might  have  skills  and  abilities  of 
potential  benefit  to  the  Army. 

The  IJ.S.  Army  should  clearly  define  its  teasons  for  having  body  com¬ 
position  standards.  This  report  has  shown  that  the  existing  standards  arc 
not  well  related  to  military  task  performance.  If  performance  is  the  main 
reason  for  having  standards,  then  new  standards  should  be  developed  If 
appearance  is  an  important  consideration,  then  psychological  studies  should 
be  undertaken  to  determine  how  the  appearance  of  fatness  affects  military 
morale  and  interpcsonal  relations.  If  health  is  the  critical  factor,  then 
epidemiologic  studies  should  be  given  priority.  Identification  of  the  prob¬ 
lem  is  the  most  important  step  in  finding  its  solution. 

REFERENCES 

.Astnirul.  P  and  K.  Kcdahl.  Pp.  .UM-4!(>  in  I'cxihook  of’  Work  Physiology.  3rd  ed.  New 

York:  McGraw-Hill 

Male.  P..  S.  Rowell,  and  P.  Collcv.  P^K5  .Anthropometric  and  training  characteristics  ot 
tcinulc  inui* .  on  runners  as  determinants  of  cisiancc  running  perlorniancc.  J.  Sports  Sci. 

.^c-.i  1:=^  i:6. 

Bale.  P  .  1).  Firadbury,  and  V  Colley.  1986.  Anthropometric  and  training  variables  related  to 
It)  km  running  performance  Br.  J.  Sports  Med.  20i4 1: f 70- 1  7.V 
Boileau.  R.  A.,  and  T.  G.  Lohman.  1977.  The  measurement  of  human  physique  and  its  effect 
on  physical  performance.  Orthi'p.  Clin.  North  Am  H(3):56,C58 1 , 

Burfoot.  A  1990.  1  he  big  leagues  Runner's  W'orld  25(2):66-68. 

Cureton.  K  J..  anil  P,  B.  Sparling.  1980.  Dis.ance  running  performance  and  metabolic  respons 
es  to  running  in  men  and  women  with  excess  v-eighi  experimentally  equated.  Med.  Sci 
Spnrt  f-xeic.  !:(4)::8S-:94. 

Cureton.  K  J  .  P  B  Sparling.  B.  W.  hvans.  S  M  Johnson,  I  .  D,  Kong,  and  J.  W  Purvis 
1978  Pffeci  t)f  experimental  alterations  in  excess  weight  on  aerobic  capacity  and 
distance  running  perfoi mance.  Med.  and  Sci.  Sports  I0(.G:  194- 1 99. 

Curcinn.  K  J  .  I..  O.  Hensley,  and  A.  Pibur/i  1979.  Body  fatness  and  performance  (lit- 
fcreiices  between  men  and  women  Res.  Q.  .‘'Of3);-TT3  340. 

G/iath's.  J..  A  Daniokosh.  R.  Mello.  J.  Vogel,  and  K.  F'armer,  1987.  The  physiological  deiei 


» 


I/s  fMRi  n  A  ft\K\i\s  \\i)ri.nR\  (hykmw 

mllKtr^l^  ot  loail  carnaiic  'lochnical  Rop»>rt  1  I'.S.  Ariii>  Research  Iiisimile  t»l 

Ian  ironnienial  Medieine.  Naiiek.  jMass. 

f  eri:usi>n.  (i  A.  Id7(-i  Stalisitcal  Anal\sis  in  Ps\ehi>lt>^v  and  f  Jueation-  \eu  Vi>rk  \1ttirau 
hill. 

f  ii/i:eraltl.  P.  I..  J.  A  Vntjel.  W,  [..  Daniels,  J.  (i  D/ia(li>s,  M.  A.  loves,  k.  iV  \1elli>.  and  I’.  J 
Reieh.  The  hods  eomposiiion  proieet:  A  smnniary  report  and  desenptise  data 

Teehnieal  Kepori  T5  X7.  I  .S.  ,\rm>  Rcseareh  Insiiiule  ol  Tiivironnienial  Medieine. 
Naliek.  Mass. 

f  riedi.  K.  i-  .  J  A.  \'oyel.  M.  W.  Htjvee.  aiul  B  M.  Jones.  Assessment  id  hods  sseiehi 

standards  in  male  and  female  arms  reeruils.  Teehnieal  Report  ri5-dl>.  I  .S.  Arms  Re 
seareh  Institute  of  fins ironiiRaital  Medieine.  Natiek.  Mass. 

Harman.  T...  M.  Sharp.  R.  Manikovsski.  P.  I  rskman.  and  R.  Rosensteiii  IdKS  ,-\nalssis  id  a 
musele  sircneih  data  base  uibstraett.  J  Appl.  Sports  Sei  Res.  2<.^».S4. 

Iliil.  A.  \  .  Id.SO  The  dimensions  of  animals  and  their  museular  dsnamtes.  Proe.  Rosal  Inst., 
(ireat  Britain.  s4:4!>(f 

Ikai.  M  and  I.  f  ukana^a.  id6X.  <\ileuIalion  <d  nuisele  streneth  per  unit  ero^s  seetioiud  area 
ot  human  muscle  hs  means  of  ulirasonie  measurement  Ini  /  aneess  lltssiol  einschl 
.Arheitphs Slid.  2h;26  72. 

Knapik.  J..  J,  Staah.  M.  Bahrkc.  J  O'Conner.  M.  Sharp.  IV  I  rskman.  R  Mello.  K  Resrndds. 
and  J.  Vogel.  IddI).  Relationship  ol  soldier  load  carriage  to  phs sM>li>gieal  factors,  miliiars 
experietice  and  mood  states.  Technical  Report  I  17-dt),  C.S  .Arms  Keseari.h  Institute  of 
I-.ns  ironmenial  Medicine.  Naliek.  Mass. 

Kraemer,  W,  J,.  J,  .A  Vogel.  J.  F.  Patton.  J.  H.  D/iados.  and  K.  I..  Resnolds.  IdX"  The  effects 
of  various  pfivsical  training  programs  on  short  duration,  high  mtensiis  load  hearing 
pertormance  and  the  Army  physical  fitness  test,  lechnical  Report  I  [  S  Anns 

Research  Institute  <d  (•nvironmetiial  Medicine.  Naliek.  Mass. 

Mc.Anile,  W  D,.  F,  I  Katch.  and  V  T,  Katch.  |dXf>.  p.  >16  in  FAercise  Phvsiologs:  F.nergs. 

Nutrition,  and  Human  Performance.  2nd  ed.  Philadelpina.  Lea  aiul  relngci 
Meilo,  R,  P  ,  M.  M.  Murphy,  and  J  A.  Vogel  l*>X4.  Relationship  betueen  the  Arms  isso 
mile  run  test  and  maximal  orsgen  uptake,  l  echnieal  Report  I  ^  H's  I  S  Arms  Reseafv  h 
Irisitiuie  of  ['ns  ironmenial  Medicine.  Naliek.  Mass 
MeMo.  R.  P  .  M  M.  Murphs.  and  J  A.  Vogel  l^HXa  Relationship  hetvseen  a  isso  mile  run  lor 
time  and  maxima!  oxsgeri  uptake  J.  Appl.  Sport  Sci  Res  2il):‘Vl2. 

MeMo,  K  P,  ,A.  I,  Damoki'sh.  K.  L,  Reynolds.  ('  F!.  Wni.  and  J,  .\  \ogel.  I'^KSh  The 
ph> siologic  d  determinants  ol  loail  hearing  perlorm.ince  at  dillereni  m.irch  distances 
lechmcai  Report  115  SX,  (  S.  Arms  Research  Institute  of  lonironmenial  Meduine. 
Natick.  Mass. 

Meriam.  J.  1.  ld7X.  p.  6  in  [-.nginecnng  Mechanics  Dsnamics  Nesx  'i  ovk.  .lolm  Vkdes  A.  Sons. 
Mvers.  D  (’  .  D.  L.  (iebhardt.  C.  C'rump.  and  \  A.  Fleishman  \  alidation  ol  the 

niiliiars  enlistment  phssieal  strength  cap.iciiv  test.  Ies.hmeal  Report  610.  I  S  Aims 
Research  Insitiule  tor  the  Behavioral  Seiences,  Naiivk.  Mass 
Rsiishi.  1  .  .ind  I  I  ukanaga.  I‘JX6  Influence  ol  muscle  fiber  composition  aiul  musi.le 
cross  sectional  area  on  maximal  isometric  siiengih.  lairyoku  Kagaku  16X  Pd 
l  anak.i.  K  .  and  V  Matsuura.  10X2  A  nuiltivariate  analvsis  of  the  role  i>l  certain  anihropo 
mettle  and  physmlogic.il  attributes  in  distance  running.  .Ann  Hum  Bu>l  0|S|;47^  4X2 
leves.  M,  A  .  J  I  Wnghi.  and  J  A.  Vogel  lOxS.  Pertorinarue  on  selecleil  c.mdidaie  screen¬ 
ing  lest  procedures  belore  ami  alter  Arnu  basic  and  advanced  nuiivuluai  irainmg 
lechnual  Report  IM-SS.  I  S  .Arms  Research  Institute  of  [jivuonmental  Medicine. 
NaOck.  Miiss. 

1  S  .\rnis  !07S  I  S  Arnu  Infanirv  School  Phssieal  Task  List  Fort  Benning.  (la. 


H(Hi\  aiiii  Per Ittnij.mL L- 

I’p  II')  I  i‘).  VV:l^tllil-ll.ll,  0  (■ 
Naiiim.il  Ae.idcmv 

8 

New  Approaches  to  Body 
Composition  Evaluation  and 
Some  Relationships  to  Dynamic 
Muscular  Strength 

I  ronk  I  Kiiii  h 


\KVV  \PPR()A(  HKS  TO  BODY  COMPOSITION  KVAIA  ATION 

KstimatinK  Kxcess  B<id>  Faf  From  Changes  in  Abdominal  (iirfh 

A  now  motlioci  lias  boon  ilovisod  for  deierniining  changes  in  porcent 
both  fat  (Hi  )  based  on  tlio  dilTcrence  boiwcon  an  initial  value  lor  abdomi¬ 
nal  girth  (A(it  atui  a  calculated  "target"  A(i  based  on  a  desired  level  of 
percent  Ml-  (Katch  et  al..  IdHd).  Ihe  new  method  dilTers  from  traditional 
approaches,  such  as  fattold  and  girth-generated  regression  analysis  based  on 
densitomelrv  ('  Vson  anil  Pollock,  ld7K;  Katch  and  McArdle.  I^7.T  Pol¬ 
lock  el  al..  |07\  'Ailmore  and  Mehnke.  IdbS,  IMbO.  1970).  bioelectrical 
impedance  (l)eurs  ,neig  et  al..  1990;  Segal  et  al..  l9S.s|,  and  other  indirect 
appraisal  procedures  (Morkan  et  al..  lOS.S;  Lukaski.  19X7)  that  lirst  estimate 
percent  Mb',  and  then  the  individual  atiempts  to  achieve  ;i  desired  change  m 
bodv  mass  or  composition.  With  these  different  methodologies,  especiallv 
the  fatfold  technique,  accuracy  is  often  attenuated  due  ti*  statistical  fticlors 
related  to  validity  i  Katch  and  Katch.  |9X0).  particularly  the  choice  of  mea¬ 
surement  sites.  Nevertheless,  the  use  of  regression  equations  for  a  one-time 
asse'onent  has  prov  ided  important  quantitative  information.  However,  us¬ 
ing  the  same  regression  equation  for  pre  and  post-testing  vvill  produce 
unacceptable  cstmiatcs  of  chatiges  m  percent  BF  (Barrows  ;md  .Snook.  19X7). 
It!  contrast,  the  new  .ipproach  is  baseil  on  ;i  ililterent  strategy  thati  the 
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previous  methods.  With  the  new  approach,  the  question  is  asked:  How 
much  does  the  abdominal  girth  need  to  be  reduced  to  achieve  a  desired 
percent  BF  ’ 

Development  of  the  new  method  iiad  its  roots  in  clinical  experience 
with  subjects  who  altered  their  body  composition  dramatically  during  dif- 
terent  regimens  of  exercise  and  caloric  restriction.  E^ut  it  was  Efehnke 
lldb,^,  1964)  who  first  detailed  quantitatively  that  two  abdominal  girths 
(natural  waist  and  umbilicus)  showed  the  greatest  absolute  changes  with 
body  mass  loss  in  relation  to  1  1  other  trunk  and  extremity  sites.  There  is 
also  good  experimental  evidence  that  increases  in  tottil  BF  result  in  propor¬ 
tional  increases  in  abdominal  fat  (Kvist  ct  al.,  19S6).  Thus,  it  seemed 
logical  that  changes  in  percent  BF  could  coincide  w  ith  reductions  in  excess 
.4(i,  or  that  reducing  excess  AG  should  coincide  with  proportionate  reduc¬ 
tions  in  percent  BF.  The  proposed  method  is  based  on  the  difference  be¬ 
tween  an  initial  value  for  AfJ  and  a  target  AG  that  corresponds  to  a  "de¬ 
sired"  percent  BF. 


Cah  ulalion  of  Exi  css  Ahdontinal  (lirili 

I'xcess  ACi  is  measured  with  a  calibrated  anthropometrie  cloth  tape  at 
the  natural  waist  or  the  abdomen  al  the  level  of  the  umbilicus.  A  two-step 
procedure  is  required  to  calculate  excess  AG  for  an  individual.  Step  1 
requires  the  development  of  constants  based  on  the  source  data  for  subse¬ 
quent  application  in  Step  2. 

•  Step  I.  T  he  calculation  of  excess  AG  is  based  on  large-scale  anthro¬ 
pometric  surveys  in  the  tnilitary.  For  men.  these  included  soldiers  (White 
and  Churchill.  1971)  (Table  8-1)  and  IJ.S.  Army  aviators  (Churchill  et  al.. 

1971)  (Table  8-2).  and  for  women.  C..S.  Air  Force  women  (Clauser  et  al.. 

1972)  (Table  8-.G,  From  these  data,  a  target  AG  was  computed  as  the 
product  of  E  (kg  of  body  mass  per  meters  [ml  of  stature)  and  a  constant 
(^.  This  constant  w  as  calculated  as  the  ratio  of  ACi  at  a  predetermined  \  alue 
for  percent  BF  to  E  (Q  -  A(ilE).  From  Table  8- 1 .  for  example.  Q  =  I  2. .^6  at 
the  fiftieth  percentile  (Q  =  78.9/6. .^8 1 ). 

With  the  data  sets  from  the  military,  it  was  necessary  to  estimate  body 
composition  because  such  criterion  measures  were  not  included  in  the  sur- 
ve\s.  or  they  were  limited  to  a  small  subsample  of  the  dat;i  (Clauser  et  al.. 
1972).  For  the  soldiers  and  aviators,  fat-free  mass  (FFM)  was  computed  by 
the  atithropometric  method  of  VVilmore  and  Behnke  ( 1968).  and  for  LI  .S.  Air 
l  orce  women,  percent  BF-  was  derived  from  a  surface  area  equation  that 
included  triceps,  subscapular,  and  supra  iliac  fatfolds  (Katch  et  al..  1979) 
and  the  variable  E  (square  root  of  the  quantity  body  mass  in  kg  divided  by 
stature  in  meters)  (Behnke  and  Wilmore.  1974). 
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I  ABLK  8-1  Source  Data  tor  6.6X2  U.S.  Army  Soldiers 
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lor  example,  tor  a  group  ol  men  (or  an  individual)  with  an  AG  ot  X9.7 
cm.  body  mass  of  X.S..^  kg.  and  stature  of  I.X76  m,  the  quotient  /•'  is  (^5.5/ 
|,S76)  =  6.7.SI.  This  value  is  then  multiplied  by  the  Q  value  at  the  desired 
pcri.ent  BT  :  1.T2.7  at  the  .iinety-lifth  percentile  that  corresponds  to  a  desired 
percent  BF-  ot  19.1  percent:  I'able  X-l )  to  yield  a  target  AG  of  X4.4  cm. 


TABI-K,  8-2  Source  Data  for  1.4X2  li.S.  Army  .Aviators 
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TABI.K  8-3  Souae  Dala  tor  1,^57  T.S.  Air  Force  E-nlisieci  Women 


IVriciililc 


1 

S 

so 

7  s 

00 

.NkiG  I  soars  > 

ISO 

IS.: 

r>  (t 

*) 

21  ..t 

25.0 

40.4 

Mass  iko) 

4  s  ^ 

4hO 

52. 1 

so. 7 

(11.2 

os.^ 

70.1 

h 

:!()(* 

>  7  Is 

S.fi'^S 

’i  fi  |s4 

0..S  1  1 

(i.so: 

(J 

II  lift 

1 1  1 

1  i.l^ 

1110 

1  1  !| 

1 1  00 

1  ISO 

i  \ 

1 

i  7  V  ' 

14  i: 

14  2*^ 

14. 4i 

14.74 

15.10 

IVtoomi  tal 

14,: 

r.: 

:4.: 

:s.(» 

42.2 

42.0 

Waisi  tom  1 

S  7 

5 

^  V  ^ 

00  i 

(i>i.(i 

75.5 

Hi  .0 

\htlomoii  cAtoiisiGM  ( k  m 

1  71  1 

"4  s 

SO : 

S4.4 

xs  ^ 

00.0 

10.''  0 

1  aiAict  s:!rU\'  tcin i 

74,1 

SOS) 

S4  4 

X7.7 

02. S 

07  K 

■  /  -  ( hoils  mass  [ kj; 

![/hoii:ht  |iu|i 

1  .  Ik'iehi  at  tlio 

litJicth 

pcreeniilf  u 

a7  1 .0  i  0 

in,  whikh 

ss  as  kisoii  It 'T  oas  h  ilio 

(HTsODllIc  'l|s 

•inbulHMis 

riic  s; 

.iiiiple  wa'  (.'aiieasian 

=  I.: 

10).  Blac  k 

I II  Mil.  an.l  nIlK'i'  III  -  IOi 
W.iivi  icnu'/ 

1,)  \h(tninoii  loion  1 1  in  i  '7 
■'i',irs;rl  s,'irlh  u  m  i  -  /  •  M.M 


•  .Step  2.  Faccns  ACi  is  computed  as  the  measured  A(i  (Xd.7  cm  in  the 
above  extitnplei  tninus  the  target  .ACi  at  the  (ittieth  pcrcenlsle  ol  K4,4  cm 
trotn  Step  I.  Ihe  x.t  cm  vlitTcrence  (S'-).7  cm  minus  K4.4  cmi  is  the  excess 
Afi.  The  objective  is  straightlorvv ard:  try  to  attain  the  target  AG  that  corre 
sponds  to  the  desired  percent  BF.  In  this  example,  the  prevletcrmmctl. 
ilesired  level  tor  [lercetit  HF  was  cliosen  as  I'Fl  percent. 

An  irnporttint  consuler.ition  with  tlie  new  approacti  is  to  dcciile  on  the 
target  or  desired  level  ot  percent  BF.  It  ditTerent  percentile  values  are  used 
tor  percent  BF,  then  dittereiit  Q  values  must  be  applied  m  Step  I 

I  In’  \(i  MtnInnI  Ihii  it>\;  B<></v  Mow  /  ow  /n  /.  xcm  /'c  /'/i/v  l>n  t 

Fable  8-4  shows  the  application  ol  the  AG  methoil  to  tour  obese  men 
and  tour  obese  women  who  revluced  their  hotly  mass  by  an  average  ot  20. 
kg  in  experiments  that  involvetl  I  hour  daily  ol  cycling  and  walk  |og  e'er 
vises  over  a  b-month  period  coupled  with  miki  dietary  restriction  (Katch 
and  Katch,  1 084). 

The  results  ot  the  analyses  based  on  densiiom'try  to  estimate  percent 
BF  and  anihropomelrv  to  nicasure  the  change  in  AG  were  remark¬ 

able  tor  this  rclativelv  small  sample  ol  subjects.  For  the  men  and  women  ot 
the  same  age.  change  in  body  mass  (A/TMl  divided  by  A\(i  was  almost 
identical  lor  the  First  two  tests  i  1,08  lor  men  and  1.00  For  vvomenl.  t  hese 


I  ABLK  8-4  Applicalion  During  Weight  Reduction  in  Obese  Men  and 
Women 
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ratios  indicated  that  the  basic  assumptions  of  the  current  analyses  were 
valid  because  a  ratio  of  I .()()  would  signify  a  precise  correspondence  be¬ 
tween  ABM  and  AA6’.  Both  groups  reduced  nearly  the  same  amount  in  their 
A(i  (men,  13,7  percent;  women.  14.6  percent);  the  women,  however,  re¬ 
duced  their  percent  BF  to  a  greater  extent  ( I  1 .0  percent  BF  units)  compared 
to  the  men  (7.9  percent  BF-  units).  This  difference  probably  occurred  be¬ 
cause  the  women  had  a  higher  initial  percent  BF  (4.3.0  percent  by  densitom¬ 
etry)  compared  to  the  men  (20.7  percent).  The  women  also  lost  5.3  kg  more 
bod\  mass  than  did  the  men. 

.An  important  consideration  is  the  extent  of  agreement  between  the  mea¬ 
sured  A(i  and  the  prerlicteil  ACi  using  /•'  x  Q  at  the  desired  percent  IfF.  For 
the  initial  measurements,  the  correspondence  between  the  measured  and 
target  ACi  would  not  be  congruent  because  the  subjects  were  all  obese. 
However,  as  the\  begin  to  reduce  body  mass,  percent  BF.  and  AG.  the 
relationship  between  the  target  and  measured  AG  should  converge.  Inspec¬ 
tion  of  the  individual  data  indicated  that  this  did  occur  during  Tests  I  and  2 
except  for  .Subjecis  .3  and  7.  Male  .Subjects  I  and  2  were  model  subjects  to 
illustrate  the  continued  decline  of  the  measured  minus  predicted  AG  as  time 
progressed.  For  the  first  two  tests,  the  percent  changes  in  AG  for  the  group, 
expressed  (  \G  minus  /-  x  Qi/ACi.  decreased  in  the  predicted  pattern  (men 
from  3  6  percent  to  3.4  percent;  women  from  0.4  ptrccni  to  4.4  percent). 
For  .Subjects  I  and  .1  utio  were  measured  4  times,  there  was  a  slight  in¬ 
crease  in  the  percent  changes  in  ,AG.  probably  because  there  were  no  further 
decreases  m  BM  or  a\G.  and  they  achievetl  their  target  AG  aiul  desired 
percent  FfF  This  also  was  true  for  Subjects  2  and  6.  For  the  latter,  her 
target  and  measured  ACi  coincided  at  just  about  the  desired  level  for  percent 
BF  Fur  the  remaining  subjects,  there  weie  discrepancies  between  the  target 
and  measured  ,AG.  Although  the  measured  AG  actually  became  smaller 
than  the  target  AG.  percent  FfF-  remained  above  the  desired  levels  delined 
by  the  gender-specific  Q  values.  Fiither  there  were  small  ciror^  m  the  AG 
mea'Urements.  or  the  group  Q  values  need  refinement 


Iht  \< )  Method  Duiitii;  Botlx  Mttxx  l.oss  I’x  Diet  Onix 

Recent  data  made  available  by  A.  VVcItman  at  the  I  niversiiy  of  Virgin 
la  .It  (  harlottesville  show  s  the  application  of  the  .ACi  method  in  6  obese  men 
and  14  women  who  participated  m  a  controlled  liquid-diet  weight  loss  pro¬ 
gram.  Fable  S  3  shows  the  changes  in  body  composition  tor  the  women  and 
men.  Die  ^alient  features  include  changes  m  l?M  and  two  .ACis  (umbilicus 
.111(1  w.iist  girths).  For  women,  the  v.duc  for  (,)  at  the  tiftieth  percentile  lor 
the  waist  girth  is  11.14  iTable  S-G.  Fhe  men  reduced  BM  more  than  the 
women  (24.2  kg  versus  14.3  kg),  as  well  as  waist  and  umbilicus  girths, 
percent  I3F  ,  and  absolute  fat  mass.  Of  interest  are  the  nearly  similar  gender 
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T  \BI,K  8-5  C  li  angcs  in  the  Body  Composition  of  19  Ohese  Women  and 
6  Obese  Men  on  a  Redueinj>  Diet 
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SOI  K(  i  Data  lOiirti--*  nt  A  WOlMiai).  I)c|'arliiicnl  i>t  I’losKal  l  iliicaln'ri,  IAltsim' 
i’liVMi'l'ia)  I  al',  t  nisotMiv  ni  Virj;.Mia  ( 'tiarloItOsv  illo.  \  iriiiiiia.  I'*'M  t  m'iI  h\ 


\BU  .\  \(i  F-or  vsomen.  the  0/?Vf  .V\(i^  is  1.26.  amt  the  iBM  A\(i.  is 
I  .IS.  F  (ir  men,  the  AfIM  AAf/,  is  1.20,  and  the  AJiM  AA(i,  is  l  .Ki.  Such 
results  provide  atiditional  corroborative  evidence  tor  the  close  correspon¬ 
dence  between  mean  AfiM  relative  to  mean  A(i  <  AliM  A.\(/ 1.  FFowever.  a 
dilterent  pattern  emerjzes  when  the  ABM  .W(i  is  computed  For  individuals. 

F  igure  S  I  shows  the  results  of  the  simple  regression  analysis  (with  91) 
percent  conlidence  bands)  tor  the  ABM  A.\(i  for  19  women  (top)  and  6 
men  (bottom).  The  important  result  is  tliat  for  men  and  women,  the  associa 
tion  IS  strongest  between  change  in  waist  girth  (abd|)  and  change  in  BM 
o’  -.74  for  abd|.  and  r-  =  .S8  for  abd,).  While  the  results  for  ABM  A\(l , 
tiM  men  is  encouraging,  the  sample  si/e  is  really  too  small  for  meaning 
till  interpretations,  and  more  data  are  required  for  confirmation  What  can 
he  stated  with  some  confidence  al  this  point  is  that  the  change  m  fat  content 
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I  l('r(  RF  N  I  Kcuri-svioii  .iiuilv'-i'  lor  ilu'  ch.miic  in  tun  .ilHloiiiin.il  iiinlis  plolknl  lo 
.1  luiKlioii  ol  ili.npiii.'  Ill  ho(K  Hills'.  Rn  U'liialo  (lopi  .nul  iii.iU'  (hoiioim  Mihjci.ls.  IIk' 
'Ml  pcixi'iil  .  onlkli'iKo  haiuls  .no  shmin  lor  the  slope  ol  ihe  iceressioii  liiu'. 


.It  the  .ibildiniii.il  site  .is  measurcrl  hv  ch.tntc  in  A(i  paralk'Is,  m  general,  lire 
oserall  eliani’c  in  BM  that  ocenrs  iluc  to  eahirn.'  rcstrietum  phis  c\en.'isc  or 
b\  caloric  rcstrictuni  .ilonc. 

The  iii.nn  ronuirctncni  in  (iitnrc  cxponnicnts  should  be  to  scciiic  large 
s.iiiiples  (.IS  m  the  rnilit.irx  .inlhri>ponietric  studies)  aiul  incliule  subiects  ot 
dixerse  both  coniposition.  A  large  data  base  that  iticludes  coniplmient.iry 
.inthroponietric  dat.i  and  ;i  criterion  niettsiire  ol  Bl-  vcouid  permit  a  more 
.icciir.ite  determtn.itton  ot  the  Q  constants  userl  iti  Step  I  lor  thUerent  levels 
ol  [U  It  would  also  be  desirable  to  secure  anthropometric  d;itii  and  criteri 
on  Hb  me.isures  ilurmg  BM  loss.  I'hese  riala  would  .dlow  lor  the  xalirl.ition 
of  the  (.1  const.mls  with  chances  in  bodv  composition 
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In  Miinmary,  the  (ibieulivc  tor  individuals  who  need  t('  reduce  their 
perceni  HI-  would  be  to  try  ami  aitain  a  targi-t  ACi,  It' excess  girth  is  not  too 
large,  attainnieni  ot  the  target  AG  should  coincide  with  an  a  priori  deter¬ 
mined  le\  el  of  percent  Bf-.  However,  if  the  excess  ,\Ci  is  considerable,  then 
the  target  AG  becomes  a  "t'irst  appRvxiniation”  with  BM  loss,  and  a  further 
body  composition  evaluation  is  retjuired  to  ensure  congruence  with  the  de¬ 
sired  percent  Bf-.  It  individuals  can  reduce  their  excess  A(5  by  bringing 
their  AG  in  line  with  the  target  ACi,  their  percent  BF  should  coincide  with 
the  desired  level  ot  BF.  The  latter,  however,  is  ditticiil*  to  ascertain  be¬ 
cause  one  must  delitie  what  in  tact  is  normal  or  acceptable  percent  BF-  m 
relationship  to  age.  Ihis  problem  is  further  influenced  by  such  factors  as 
physical  condition  (varying  from  sedentary  to  very  physically  active)  and 
race. 


THK  BODY  PROFII.K: 

AN  F  NHANC  KMKM  OF  THF  SOMA TOCiRAM 

The  concept  of  the  somatogram  (SOM)  was  established  by  Behnke  et 
al.  (Ib.Sd)  to  describe  body  shape  expressed  in  percentage  deviation  units 
from  reference  standards  developed  from  military  and  civilian  large-scale 
anthropometric  surveys  tflert/burg  et  al..  IM6.^;  O'Brien  and  Shelton.  1941. 
Welham  and  Behnke,  1942).  The  basis  of  the  SOM  is  the  translation  be¬ 
tween  a  .si|uared  matrix  of  12  girths  and  the  previously  described  body  si/e 
motltile  /•  (square  root  of  the  quantity  body  mass  in  kg  div  ided  by  stature  in 
decimetersi'  into  ii  graphic  description  of  the  percentage  deviatiotis  from 
the  reference  standaril. 

Fo  construct  the  SOM,  each  of  12  girths  (g)  are  divided  by  their  propor¬ 
tionality  constants  (k)  to  obtain  a  deviation  (</)  score  Ul  =  e/k).  The  k 
constant  is  computed  as  g  />.  where  D  equals  the  sum  of  the  g  values  div  id¬ 
ed  by  UK).  The  SOM  presents  ttie  percentage  deviation  of  each  </  quotient 
from  {).  This  graphic  approach  has  been  used  to  show  changes  in  body  si/.e 
during  growth  and  development  (Huenemann  et  al..  1974;  Katch.  I98.'ia).  to 
depict  progressive  changes  in  overall  body  shape  with  aging  (Behnke.  196.^. 
1969',  and  to  describe  gender  d'fferences  in  athletic  groups  (Behnke.  I96,T 
I96S;  Katch.  l9S,ib;  Katch  and  Katch,  1984).  The  SOM  approach  lia:>  now 
been  enhanced,  and  the  technique  is  referred  to  as  the  brtdy  profile,  or  more 
specifically,  the  ponderal  SOM  (B^,,^,)  (Katch  et  al..  1987). 

1  he  SOM  analysis  did  not  permit  translation  of  girth  si/.e  into  a  volume 
or  weight  entity  that  relates  to  the  body  as  a  whole.  The  original  SOM  also 
did  not  differentiate  between  muscular  and  nonmuscular  areas  ot  the  bodv; 

’\o(t.’  (hill  tor  (Ilf  SOM  ttHKcpi.  siiiuirc  in  dccimotcrs  replaces  siaiuie  in  meiers  m  ihe 
t  alcul.ifion  of  / 


thus.  nonnuisL'ular  uirths  such  as  the  abdomen  and  hips  were  integrated  with 
muscular  parts  such  as  the  flexed  biceps,  thigh,  and  calf.  Because  the 
deviation  of  each  il  from  D  is  based  on  the  matrix  of  girths,  each  g  is  in  fact 
related  to  itself  because  it  is  part  of  D.  Although  this  discrepancy  is  proba¬ 
bly  of  minor  importance  to  the  graphic  representation  of  body  shape,  it  still 
does  not  permit  a  clear-cut  separation  of  the  muscular  and  nonmuscular 
components. 

The  body  profile  is  an  extension  of  the  SOM.  Girth  measures  are 
converted  to  ponderal  equivalent  weight  values.  The  matrix  of  girths  can  be 
separated  into  muscular  and  nonmuscular  components  and  compared  as  mass 
equivalents.  In  this  paper,  the  P.;,,.,,,  is  presented  for  a  world  champion  male 
body  builder  where  there  is  excessive  muscular  development,  especially  in 
the  biceps,  chest,  and  shoulders. 


Orii’inul  Somatoiiram  Calculations 

The  left  side  of  Table  8-6  lists  the  measurements  and  k  constants  for  the 
reference  man  and  woman  (Behnke  et  al..  1978).  To  calculate  SOM.  each 
girth  (c>)  is  divided  by  k  to  obtain  a  ratio  referred  to  as  d  id  =  g/k).  The 
reference  value  is  then  computed  as  /).  where  D  is  the  sum  of  the  girths  (D 
-  X  girths)  divided  by  the  sum  of  the  k  values  (Z  k  =  100).  The  graphic 
representatiem  of  body  shape  is  a  plot  of  the  percentage  deviation  of  each  d 
from  1)  (percent  deviation  =  [d  -  l)\/D).  If  an  individual's  measurements 
conformed  precisely  to  the  reference  values,  there  would  be  no  deviations, 
and  the  SOM  would  plot  as  a  vertical  line.  An  example  of  a  SOM  for  a  40- 
year-old  man  is  shown  m  the  left  side  of  Figure  8-2.  For  a  biceps  of  40.2 
cm  and  If  =  6.77 1(Z  I  I  g/lOO).  d  for  the  biceps  is  7.60  id  =  40.2/.‘>.29). 
where  .6.29  is  the  k(biceps)  value  for  the  reference  man  listed  in  Table  8-6. 
Expressed  as  a  deviation  from  D,  f/(biceps)  is  12.2  percent  larger  (| 7.600 
minus  6.771/6.771)  multiplied  by  100,  and  is  plotted  on  the  somatogram  as 
+  12.2  to  the  right  of  the  zero  axis.  The  d  values  for  the  other  girths  are 
plotted  in  a  similar  fashion. 


Ponderal  Somatogram  Calculation 

The  right  side  of  Table  8-6  lists  the  constants  to  calculate  the 
There  are  two  components:  ( I )  ponderal  equivalent  muscular  component 
(PFi^.^).  which  includes  the  shoulder,  chest,  biceps,  forearm,  thigh,  and  calf, 
and  (2)  ponderal  equivalent  nonmuscular  component  (PE,,^i^,),  which  in¬ 
cludes  two  AG  measures  and  their  average,  as  well  as  hips,  knee,  wrist,  and 
ankle. 

The  constants  for  the  individual  girths  arc  calculated  from  the  data  of 
the  reference  man  and  woman  as  k  =  g/F.  where  g  =  individual  girth  in  cm. 
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TABLK  8-6  Measurements  and  Proportionality  Constants  tor  the 
Reference  Man  and  Woman,  and  Conversion  of  Anthropometric  Girths 
into  Ponderal  Equivalents 


(friginal 

Si)maU)^ram* 

Ponderal  Somalogram’ 

Reference 

Reference 

Reference 

Reference 

Man 

Woman 

Man 

Woman 

Variahle 

(iirth 

k 

Girth 

k 

k 

k 

Muscular  component 

(|>f:^,)* 

Shoulders 

1  1(1. X 

1X47 

97  4 

17.51 

55.40 

52.59 

Chest 

Ol.S 

1,S..4(I 

X2.5 

14X5 

45  90 

44.55 

Bleeps 

31.7 

.S.29 

26.7 

4.80 

15  X5 

14.42 

lorearm 

26,0 

4,47 

23  1 

4.15 

13.45 

12.47 

'1  high 

,S4,X 

9. 13 

55  X 

1().()3 

27.40 

30. 1 .3 

Calf 

.CS.X 

,S,97 

.34.1 

6  13 

17.90 

IX. 41 

Tolal 

175.90 

172.57 

Non-museular  eomponenl 

Abdomen  1 

77,(1 

12. X4 

65.6 

1  1.X3 

38. .50 

35,42 

Abdomen  2 

79, X 

1  3,30 

77, X 

I  3.95 

39,90 

42.00 

Abdomen 

average 

7X,4 

1  3,07 

71.7 

12.90 

.39,20 

38,71 

(tips 

93,4 

15.37 

94.2 

16,93 

46.70 

50.86 

K  nee 

36. (i 

6.10 

34.9 

6.27 

IX. ,30 

18.84 

VVrisi 

17.3 

2.XH 

15,2 

2.73 

X.65 

8,21 

Ankle 

22. .s 

3.75 

20  6 

3.70 

1  1.25 

11,12 

Tolal 

6(10 

100 

556 

100 

124.10 

127.74 

NOTFi:  For  iho  reference  man,  mean  age  =  21.0  years,  median  weigh!  =  60.6  kg.  median 
MaUire  =  17  4(1  dm.  and  F  =  2.000,  For  (he  reference  woman,  mean  age  =  21  years,  median 
weig'nt  =  .S6  2  kg,  median  siature  =  16. 4X  dm.  and  F  =  l.fi.S2. 

’Original  da!a  from  Behnke  ct  al  (iOSOl. 

"Original  tiala  from  Behnke  et  al.  ( I06.t(  as  modified  m  Kateh  el  al.  !  19H7), 

'Ponderal  eqiiualem  museiilar  eomponenl. 

M’onderal  equivalenl  nonmuseular  eomponenl 


and  f-  -  the  square  root  of  the  reference  man  and  woman  median  weight  in 
kg  divided  by  reference  man  and  woman  median  stature  in  dm.  For  the 
reference  man.  the  value  for  F  is  2.000;  for  the  reference  woman  F  is  1.852 
(Behnke  et  al..  1978). 

The  ponderal  equivalent  (PE),  expressed  in  kg  for  each  girth,  is  com¬ 
puted  as  the  square  of  the  quotient  j’/k  multiplied  by  stature  in  dm.  For 
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f'ICil  RE  X-2  /.(’//,  Original  'loniaiograni  (SOM).  There  i\  no  disiinetion  beiv^een 
nuiseiilar  and  nonniuseiilar  eoniponenis.  Scores  wiihin  a  range  of  +2  percentage 
deviations  from  the  zero  reference  line  are  consiilered  lo  be  wiihin  normal  limits  of 
variation  coni[nired  with  the  reference  man  and  woman  standards,  Ponderal 

soniatograni  (Pii,).^))  for  a  .’.s-voar-old  world  champion  body  builder  with  extraordi¬ 
nary  upper  biuK  ilevolopment  The  largest  deviations  are  S<S.6  percent  for  the  bi¬ 
ceps.  (i2.X  perccnl  for  the  chest,  and  .SS.X  percent  for  the  shoulders. 


example,  the  PR  for  the  shoulders  for  the  reference  man  is  (,g/k)-  tnultiplied 
by  stature  or  (  I  10. S/35. 4)-  x  17.4  =  60.6  kg.  R'or  the  reference  tnan.  the  PE 
values  for  all  of  the  girths  are  identical  to  the  reference  median  weight  of 
60.6  kg;  the  satne  is  true  for  the  reference  woman.  All  of  the  PF:  values  for 
the  girths  are  identtcal  to  the  reference  woman  median  weight  of  56.2  kg. 
F  or  the  reference  tnodels.  the  deviations  of  each  PE  frotn  their  respective 
standards  are  necessarily  zero  because  there  is  no  deviation  from  group 
symmetry  (the  reference  values  represent  the  standard). 

.A  unique  aspect  of  the  is  the  calculation  of  the  il  values.  In  the 

original  SOM,  it  was  not  possible  to  separate  the  muscular  from  the  non- 
imiscular  girths  because  I)  was  calculated  as  the  sum  of  all  the  girths/lOO, 
Thus,  a  particular  ^/  value  was  related  to  the  sum  of  the  girths  that  included 
that  particular  girth. 

This  complication  is  avoided  in  the  by  comparing  the  PE.,^j  girth 

values  with  the  average  of  the  PE.^^,  values,  and  vice  versa.  There  will  not 
be  exact  numerical  equivalency  between  the  total  (cm/k)-  multiplied  by 
stature  and  the  average  of  the  PF;  values  because  of  differences  in  propor- 
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tK)iiiiliiN  bclwcen  the  rererence  man  and  woman,  and  among  individuals  or 
groups  ol  individuals.  For  the  in  Figure  S-2.  the  speeil'ie  k  values 

were  trom  the  listed  in  Table  8-6. 

In  summary,  the  original  Belmke  .SOM  to  quantify  body  shape  is  a  valid 
approach  (Sinning  and  Moore.  1989)  for  partitioning  a  matrix  of  girths  into 
PF.^,  and  PF.^i^,  components  that  can  be  related  to  the  body  as  a  whole.  In 
male  body  builders,  for  example,  excess  muscular  development  appears  to 
predominate  in  the  biceps  without  compensatory  hypertrophy  in  the  lower 
limbs.  Fven  at  the  extremes,  which  includes  the  massively  obese  as  well  as 
diminutive  and  large  adolescents  (Katch  et  al.,  1987),  there  appears  to  be  a 
fundamental,  intrinsic  association  between  an  individual's  body  weight  and 
the  squared  matrix  ot  girths  multiplied  by  stature.  Such  relationships  have 
useful  clinical  and  research  applications  for  the  study  of  obesity  and  its 
relationship  to  grow  th  atid  development,  as  well  as  various  facets  of  human 
performance.  The  next  section  explores  some  of  these  relationships  to  mus¬ 
cular  strength. 


SOMK  RKLATIONSHIPS  TO  DYNAMIC  Ml  SCl  LAR  .STRKN(JTH 

Iraditional  views  suggest  that  an  individual's  body  si/e  is  directly  re¬ 
lated  to  muscular  strength.  However,  there  are  conflicting  data  concertiing 
the  relationships  among  muscular  strength  and  various  measures  of  body 
'i/e.  mcluding  limb  dimensional  characteristics.  Some  studies  report  corre¬ 
lations  of  I  -  .61  to  .96  among  strength  and  body  si/e  and  limb  dimensions 
(t'larksoti  et  al..  1982;  Ikai  and  Fukunaga,  1968;  Nygaard  et  al..  198,2;  Sale 
et  al..  1987;  Schaiit/  et  al..  198.2;  Tappen.  I9.‘s();  Tsunoda  et  al..  198.2; 
Young  et  al..  1982).  It  is  likely,  however,  that  these  correlations  are  spuri¬ 
ously  inflated  because  subsets  of  samples  arc  included  that  combined  men 
with  women  and  trained  with  untrained  subjects  of  different  ages.  In  con¬ 
trast.  other  studies  report  correlations  of  r  =  -0,2.2  to  0.22  among  body  si/e 
variables  and  muscular  strength  (Cureton,  1947:  Krgen  et  al..  198,2;  K  itch 
and  Michael.  1972;  Smith  and  Royce,  1962;  Watson  and  O'Donovan,  1977), 
Such  results  suggest  that  additional  factors,  such  as  muscle  fiber  type,  neu¬ 
ral  control  of  force  production,  and  biomechanical  alignment  of  muscles 
and  joint  levers,  help  to  explain  a  greater  proportion  of  the  variance  in 
strength. 

In  a  recent  study  (Hortobagyi  et  al.,  1990).  the  relationship  was  exam¬ 
ined  between  individual  differences  in  muscular  strength  versus  hodv  si/e. 
body  shape,  limb  volume,  muscle  plus  hone  cross-sectional  area,  and  the 
I'his  study  was  done  with  two  homogeneous  groups  using  a  statisti¬ 
cal  approach  that  avoided  the  confounding  influence  of  individual  differ¬ 
ences  m  age,  gender,  and  training  status. 
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Experimental  Procedures 

The  subjects  were  42  Caucasian  men  from  physical  activity  classes  at 
the  University  of  Massachusetts.  Two  different  test  protocols  were  used  to 
assess  muscular  strength: 

•  Bench  press  (BP)  and  squat  (SQ)  were  measured  with  an  isokinetic 
dynamometer  during  three  sets  of  two  repetitions  for  BP  and  three  sets  of 
three  repetitions  for  SQ.  There  was  a  I -minute  rest  between  each  set.  and 
approximately  a  .Vsecond  pause  between  repetitions. 

•  BP  and  knee  extension  (KE)  were  measured  with  a  hydraulic  dyna¬ 
mometer.  Subjects  performed  one  set  of  five  continuous  repetitions  for  the 
seated  BP  and  right  KE.  Based  on  the  strength  scores,  subjects  were  placed 
into  high  strength  (HS)  and  low  strength  (LS)  groups  by  converting  each  of 
the  four  measures  of  strength  into  Z-scores  that  were  then  averaged  and 
ranked.  The  Z -score  procedure  was  used  to  characterize  muscular  “strength" 
as  an  overall  component  without  weighting  of  the  strength  measures. 


Anthropometric  Assessment 

The  measurements  included  six  fatfolds,  1 1  girths,  and  two  segment 
lengths. 

Calc  Illations 

Muscle  plus  bone  cross-sectional  area  for  the  biceps  (MCSA„,)  was 
calculated  as: 

MCSAp,  =  n  (/-  -  \BiFF  +  TrFF]/4)- .  1 1 1 

w  here  r  is  the  radius  of  the  upper  arm  calculated  from  biceps  girth,  BIFF  is 
biceps  fatfold,  and  TrFF  is  triceps  fatfold. 

Muscle  plus  bone  cross-sectional  area  for  the  thigh  (MCSA^i^j)  was 
estimated  as: 

MCSA^,,  =  K  Ir  - \ThFF\/2)- .  |2| 

where  r  is  radius  of  the  thigh  and  ThFF  is  thigh  fatfold. 

The  volume  of  the  upper  arm  and  thigh  was  estimated  as: 

Volume  =  nhl3  {R'lln  +  r'lln  +  Kr).  \}\ 

where  h  is  the  length  of  the  upper  arm  or  thigh  in  cm,  R  is  upper  arm  or 
thigh  girth,  and  r  is  elbow  or  knee  girth. 
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FFM  (fat-free  mass)  was  predicted  by  the  method  of  Wilmore  and  Be- 
hnke  ( 1969),  where  FFM  =  1  .QHBM  -r  44.6  -  0.74  (AGy,  BM  is  body  mass  in 
kg.  and  AG  is  abdominal  girth  (umbilicus)  in  cm.  Body  shape  was  de¬ 
scribed  by  the  outlined  in  the  previous  section. 

For  the  statistics,  a  priori  and  postmortem  sample  size  estimations  using 
Cohen's  Case  2  formula  with  an  alpha  level  of  0.05  and  power  of  0.80 
required  a  minimum  sample  size  of  12  subjects  per  group.  The  a  priori 
effect  size  was  a  25  percent  difference  between  HS  and  LS  in  muscular 
strength.  The  final  sample  size  (n  =  21  per  group)  was  nearly  twice  that 
required. 

Between-group  differences  for  single  pairs  of  variables  were  evaluated 
with  a  two-tailed  independent  t-test.  A  one-way  multivariate  analysis  of 
variance  (MANOVA)  was  used  to  compute  the  differences  between  the  two 
groups  in  the  overall  Pjovi  pairs  of  various  dependent  variables.  If  the 
Hotelling's  T-  value  was  significant,  a  two-tailed  independent  t-test  was 
used  for  pairwise  contrasts  with  an  adjusted  confidence  level.  Pearson 
product-moment  correlations  were  computed  among  selected  variables,  and 
the  differences  in  correlations  between  the  groups  were  compared  by  :- 
transformation. 


Re  subs 

As  expected.  HS  had  significantly  greater  strength  for  isokinetic  SQ 
(21.1  percent),  BP  {23A  percent),  hydraulic  BP  (16.7  percent),  and  hydrau¬ 
lic  KF  (24.2  percent). 


Anthropomelry 

There  were  no  significant  differences  between  HS  and  LS  for  age  (1.5 
percent),  stature  (2.2  percent),  or  sum  of  six  fatfolds.  In  contrast,  there 
were  significant  differences  between  HS  and  LS  in  BM  (6.9  percent;  p  < 
0.05).  FFM  (6.6  percent,  p  <  0.01),  and  11  girths.  For  the  girths,  applying 
the  pairwise  follow-up,  7  of  the  1  i  girths  were  significantly  larger  for  HS. 
including  the  shoulders  (.1  percent),  chest  (4.4  percent;  p  <  0.05),  biceps 
(5.6  percent),  forearm  (5  9  percent),  knees  (4.5  percent;  p  <  0.05),  wrists 
(4.0  percent;  p  <  0.001 ).  ankles  (7.7  percent;  p  <  0.01).  and  sum  of  1 1  girths 
(.L6  percent  ;  p  <  0.01).  There  were  no  significant  differences  in  thigh  or 
calf  girths  (-.5.0  percent). 

There  were  differences  between  HS  and  LS  in  thigh  volume  (1.5.2  per¬ 
cent;  p  <  0.01 )  and  upper  arm  volume  (7.2  percent;  p  <  0.05).  HS  had  a  14.8 
percent  greater  MCSAp^  (p  <  0.(K)1)  and  13.8  percent  greater  MCSA^.j^^ 
than  LS  {p  <  0.05).  The  mean  values  for  thigh  length  were  significantly 
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ciil'tereiit  heiweeii  US  (41.7  cm)  aiui  l.S  cm),  but  not  for  upper  arm 

length  ( 17.9  cm  for  HS  versus  IX. .7  cm  for  LS). 

There  were  significant  differences  in  the  between  HS  and  LS. 

The  sum  of  the  muscular  components  (shoulders,  chest,  biceps,  forearm, 
thigh,  calf)  was  also  significantly  larger  by  2.8  percent  (dr  HS.  In  addition, 
the  sum  of  the  five  nontnuscular  components  (abdomen,  hips,  knee,  wrist, 
ankle)  was  significantly  larger  by  10. 1  percent  for  fLS. 

The  percent  deviations  for  the  from  the  PE.^^,  for  varied 

from  0.4  percent  (thigh)  to  12..^  percent  (biceps)  for  the  PE.^,  for  LS.  to 
minus  1,8  to  16.0  percent  for  HS.  The  deviations  of  the  from  PE^, 

ranged  from  minus  I  1.7  to  2.2  percent  for  I,S,  and  minus  8.9  to  minus  1.8 
percent  for  HS.  None  of  the  between-group  comparisons  were  signifi¬ 
cant, 

Corrclijiions 

fable  8-7  presents  the  intercorrelations  between  strength.  BM.  f-EVl. 
fatfolds.  limb  volume,  and  limb  CSA  for  the  total  sample  and  the  two 
subsamples.  For  HS  and  l.S.  all  of  the  /•  values  were  less  than  r  =  ()..S6. 
There  were  no  significant  differences  in  any  of  the  r  values  between  HS  and 
l.S.  The  observed  r  values  between  BM  and  the  four  measures  of  strength 
averaged  r  =  0.2.^  (/)  >  0.05)  for  HS  and  LS:  they  did  not  increase  signifi¬ 
cantly  and  were  not  significantly  higher  after  applying  the  Guilford  correc¬ 
tion  for  restriction  of  range  (r  =  0..M);  p  >  0,05).  The  r  values  between 
limb  volume  and  the  strength  measures  averaged  r  =  0..21  and  =  0.41  (p  > 
0.05).  The  corresponding  >'  values  lor  estimated  FFM  versus  strength  were 
r  -  0.27  and  r  -  0,,14  (p  >  0.05).  Similarly,  low  ctvrrelations  were  obtained 
for  the  comparisons  of  MCSA  versus  strength  (r  -  0.4.^  and  r  =  0.59;  p  < 
0,05).  and  for  the  sum  of  six  fatfolds  versus  strength  ir  =  0.27  versus  ;  = 
0..76;  p  >  (),05).  Thus,  the  observed  r  values  between  strength  and  anthro¬ 
pometry  averaged  r  =  O  .IO.  and  the  average  corrected  r  values  increased 
slightly  to  only  =  0.40  (p  >  0.05). 

It  was  postulated  that  subjects  classified  as  high  and  low  strength  would 
shed  light  on  the  relationship  between  si/e  and  strength.  In  the  studies 
where  the  average  r  between  estimates  of  strength  and  BM  and  estimates  of 
strength  and  muscle  si/e  exceeded  /  >  0.80,  it  is  likely  that  these  r  values 
were  spuriously  inflated  due  to  at  least  five  factors: 

•  large  individual  variations  in  body  si/e  and  physique  among  compari¬ 
son  groujis, 

•  combining  men  a;id  vomcn  in  the  salient  comparisons. 

•  mingling  trained  anil  untrained  subjects. 

•  pooling  young  and  old  sub/eefs  in  the  data  analyses,  ami 


TABLK  8-7  Correlations  (r)  and  the  Correlations  Corrected  lor  Restriction  ot  Range  (/■  )  Between  Strength  and 


yo‘5 


t 


♦ 


\ 


1 

f 


t 


I RA\K  I  KATCH 


IJf) 


•  using  the  mean  value  to  correlate  strength  and  body  si/e  for  nine 
different  sport  groups,  rather  than  using  the  data  of  individuals  for  each 
group. 

Thus,  the  moderate  to  high  /  values  were  probably  generated  because  of  a 
"range  of  talent"  effect  in  body  si/e  and  physique,  gender,  training  status, 
and  age.  In  studies  that  used  more  homogeneous  samples,  lower  r  values 
averaging  /  <  0.60  were  reported  between  strength,  BM.  and  FFM  in  men 
and  women.  The  low  r  values  observed  in  the  present  study  support  these 
latter  findings. 

In  the  present  data,  the  r  values  were  all  low  between  BM  and  muscular 
strength  regardless  of  strength  level  (/  =  0.29  for  HS.  and  r  -  -0.12  for  LS) 
or  between  estimated  FFM  and  strength  (/•  =  0.3.1  for  HS.  and  r  -  -0.07  for 
LS;  Table  S-7).  There  also  was  no  improvement  in  the  r  values  when  arm 
or  leg  strength  was  related  to  muscle  CS.A  (average  r  -  0.38  for  HS.  and  r  = 
0.27  for  LS)  or  to  segmental  volume  {r  =  0. 12  for  HS.  and  r  =  0.27  for  LS). 

Additional  comparisons  between  HS  and  LS  revealed  some  interesting 
findings.  For  the  girth  comparisons  between  the  groups.  7  of  1 1  girths  were 
significantly  larger  for  HS  than  LS  (range  3.0  to  7.7  percent).  Also,  thigh 
and  calf  girth  did  not  differ  significantly  between  HS  and  LS.  but  the  non- 
muscular  knee  and  ankle  girths  of  the  lower  body  did.  Perhaps  HS  subjects 
had  a  propensity  for  upper  body  development  that  produced  the  significant¬ 
ly  larger  muscular  upper  body  components. 

The  relationship  among  the  ^nd  the  various  expressions  of  muscu¬ 
lar  strength  revealed  that  the  PE  (ponderal  equivalents)  for  HS  and  LS 
showed  identical  patterns;  that  is.  the  same  sites  for  girths  and  PE  were 
different  between  HS  and  LS.  Such  data  support  the  intrinsic  validity  of 
p 

■^SOM 

In  summary,  the  present  data  illustrate  the  relative  independence  of 
individual  differences  in  strength  and  measures  of  anthropometry  and  body 
composition.  Thus,  other  factors  must  be  responsible  for  explaining  the 
approximately  21  percent  difference  in  muscular  strength  between  HS  and 
LS.  Large  individuals  were  not  superior  in  overall  muscular  strength  com¬ 
pared  to  their  counterparts  of  smaller  body  size  and  shape.  Such  differenc¬ 
es  in  strength  cannot  be  explained  by  individual  differences  in  girths,  fat- 
folds,  CSA.  segmental  volume,  or  P<;qivi-  The  present  conclusions  may  not 
apply  to  groups  of  highly  trained  individuals  with  extreme  muscular  devel¬ 
opment  and  strength.  Factors  other  than  muscle  size  alone,  for  example, 
neural  and/or  muscle  and  joint  mechanical  properties,  may  play  at  least  an 
equally  important  role  in  explaining  individual  differences  in  muscular  strength. 
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INTRODUCTION 

Pdlicies  regulating  the  htidy  composition  of  men  and  women  in  the 
military  service  are  a  matter  of  ongoing  interest  to  the  U.S.  Army.  Body 
composition  is  considered  to  be  a  ctimponent  of  a  soldier's  physical  fitness, 
and  in  the  Army's  view,  obesity  is  associated  with  being  unfit  and  "unsol- 
dierly."  This  association  is  important  because  physical  fitness  is  an  essen¬ 
tial  component  of  military  readiness  for  combat.  To  be  prepared  tor  its 
combat  mission,  the  Army  attempts  to  select  individuals  with  the  fitness 
and  stamina  to  endure  the  rigors  of  Army  training  and  combat.  .Simply 
selecting  fit  men  and  women  is  not  adequate,  howevei.  because  physical 
training  is  necessary  to  both  develop  and  maintain  the  fitness  of  soldiers. 
F  or  physical  training  to  be  effective,  however,  it  must  overload  cardiovas¬ 
cular  and  musculoskeletal  systems.  This  overloading  entails  a  risk  of  mus¬ 
culoskeletal  injury  Thus  an  understanding  of  the  interactions  among  body 
composition,  physical  fitness,  trainme.  and  injuries  is  an  essential  founda 
tion  for  (lolicies  governing  both  body  composition  and  physical  fitness. 

In  the  following  background  material,  the  links  between  body  composi¬ 
tion  and  physical  fitness  made  m  .Army  regulations  and  policy  will  be  re¬ 
viewed.  and  components  of  physical  fitness  deemed  to  be  essential  to  the 
Army  s  mission  will  be  enumerated.  The  assumption  that  body  composition 
rellccts  .111  mdividual's  physical  fitness  will  be  e.xplored.  Also,  the  interac- 
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tions  between  fitness,  training,  and  injuries  will  be  examined.  Following  this 
background  material,  the  results  of  two  recent  Army  studies  will  be  presented. 

Individuals  with  a  wide  range  in  body  fat  (BF)  volunteer  to  join  the 
Army  annually,  but  not  all  are  accepted  for  service.  Because  the  Army  is 
concerned  about  the  fitness  of  enlistees,  some  volunteers  are  medically  dis¬ 
qualified  solely  on  the  basis  of  their  height  and  weight  before  entering  the 
serv  ice,  the  presumption  being  that  they  are  not  physically  fit  enough  to  be 
enlisted  (Friedl,  chapter  3).  Army  standards  for  medical  fitness  are  set  forth 
in  Army  Regulation  (AR)  40-501  (1987),  which  contains  tables  of  accept¬ 
able  heights  and  weights  for  enlistment  in  the  Army.  On  the  basis  of  these 
height-weight  standards,  only  about  5  percent  of  eligible  men  in  the  United 
States  would  be  excluded  from  service  in  the  Army.  In  contrast,  over  30 
percent  of  otherwise  eligible  women  would  be  excluded  (Friedl  et  al.  1989). 

In  addition  to  height-weight  standards,  the  Army  also  has  a  weight 
control  program  that  defines  acceptable  percentages  of  BF  for  individuals 
who  fail  to  meet  the  height-weight  standards  after  enlistment  (Army  Regu¬ 
lation  600-9;  U.S.  Army,  1986).  The  two  primary  stated  purposes  of  the 
.Army  weight  control  program  are  to  ensure  that  soldiers  are  adequately 
physically  fit  to  accomplish  their  combat  mission  and  that  they  present  “a 
trim  military  appearance." 

Because  of  its  demand  for  physically  fit  soldiers,  the  Army  has  a  pro¬ 
gram  of  physical  fitness,  which  is  defined  in  Army  Regulation  350-15  (AR 
350-15;  U.S.  Army.  1989),  The  objectives  of  this  program  are  to  enhance 
combat  readiness  by  developing  and  maintaining  high  levels  of  physical 
fitness  in  all  soldiers  as  measured  by  cardiorespiratory  and  muscular  endur¬ 
ance.  muscle  strength,  flexibility,  anaerobic  performance,  competitive  spir¬ 
it.  self-di.scipline,  and  BF  composition.  The  emphasis  on  physical  fitness  in 
noth  the  selection  and  retention  process  seems  appropriate  because  soldiers 
must  have  enough  stamina  and  strength  to  perform  a  wide  variety  of  physi¬ 
cally  demanding  tasks  such  as  marching  with  loads,  digging  fox  holes, 
scaling  walls,  and  loading  artillery  shells. 

Physical  fitness  and  appropriate  body  composition  are  achieved  and 
maintained  through  physical  training.  The  Army’s  program  of  physical 
fitness  training  is  described  in  Army  Field  Manual  21-20  (FM  21-20;  U.S. 
Department  of  the  Army,  1985).  The  manual  lists  five  components  of 
fitness  the  program  strives  to  develop; 

•  cardiorespiratory  endurance; 

•  strength; 

•  muscle  endurance; 

•  flexibility;  and 

•  body  composition,  which  includes  lean  body  mass  and  fat  mass  and 
which  is  affected  by  the  other  components  of  fitness. 
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Army  doctrine  links  physical  fitness,  weight  control,  body  composition, 
and  physical  training.  Regulations  regarding  physical  fitness  and  training  in¬ 
dicate  that  body  composition  is  simply  a  subcomponent  of  fitness  (U.S.  De¬ 
partment  of  the  Army,  1985,  1989).  Even  the  weight  control  regulation  (AR 
600-9)  states  that  its  primary  objective  is  physical  fitness.  For  this  reason, 
before  policies  on  the  issue  are  decided,  it  is  important  to  assess  the  degree  to 
which  body  composition  influences  the  other  components  of  physical  fitness. 

Injuries  are  another  important  consideration.  Soldiers  disabled  by  inju¬ 
ry  are  less  able  to  pc'form  their  regular  duties  even  if  they  are  otherwise 
highly  physically  fit.  In  a  sense,  injury-prone  soldiers  are  less  physically  fit 
than  those  who  are  able  to  continuously  perform  their  duties.  Training-  and 
activity-related  injuries  are  a  matter  of  concern  to  the  military  not  only 
because  they  limit  the  function  of  individual  soldiers,  but  because  they 
impinge  on  the  combat  readiness  of  entire  units  when  their  incidence  is 
even  moderately  high. 

Existing  data  indicate  that  the  incidence  of  training-related  injuries  is 
high  especially  during  basic  training  (Bensel  and  Kish,  1983;  Cowan  et  al., 
1988;  Jones  et  al.,  1988;  Kowal,  1980).  One  report  (Tomlinson  et  al..  1987) 
indicates  that  training-related  injury  rates  are  high  among  active  duty  sol¬ 
diers  as  well.  The  majority  of  these  injuries  are  overu.se  conditions  of  the 
lower  extremities,  which  arise  directly  from  Army  training  or  sports  activi¬ 
ties  that  the  Army  encourages  (Jones,  1983;  Tomlinson  et  al.,  1987).  His¬ 
torical  data  also  indicate  that  musculoskeletal  injuries  similar  to  tho.>e 
seen  in  training  are  a  common  cause  of  morbidity  even  during  wartime 
(Reister.  1975). 

In  exploring  body  composition  as  an  indicator  of  fitness,  it  is  importan; 
to  examine  the  relationship  of  body  composition  not  only  to  components  of 
fitness  listed  in  the  Army  fitness  and  training  documents  but  also  to  injury. 
Scientific  literature  on  the  interrelationships  among  body  composition,  physical 
fitness,  training,  and  injury  will  be  explored  next.  In  these  studies  body 
composition  is  measured  by  either  percent  BF  or  body  mass  index  (BMl). 

It  is  well  accepted  by  both  military  (Jette  et  al.,  1990;  Vogel  and  Friedl. 
chapter  6)  and  civilian  (Buskirk  and  Taylor,  1957;  Cureton  et  al.,  1979; 
Miller  and  Blyth.  1955)  authorities  that  increased  BF  is  associated  with 
decreased  weight-bearing  endurance  performance.  Also,  performance  of 
other  physical  activities  and  exercises  are  negatively  affected  by  higher 
levels  of  BF  (Cureton  et  al.,  197  ';  Jette  et  al.,  1990;  Vogel  and  Friedl, 
chapter  6),  Despite  their  significance,  the  correlations  between  percent  BF 
or  BMl  and  other  measures  of  physical  fitness  are  low.  Body  composition 
explains  only  5  to  30  percent  of  the  variance  in  endurance  performance 
measured  by  maximum  oxygen  uptake  or  timed  run  distance  and  even  less 
of  other  factors,  such  as  sit-ups,  push-ups,  or  vertical  jumps  (Cureton  et  al.. 
1979;  Jette  et  al..  1990;  Vogel  and  Friedl.  in  press). 


144 


HRVlh  H  JOMiS.  MAH  HEW  W.  BOX  EE.  AM)  JOSEPH  J  K\APIK 


It  is  also  well  established  that  there  is  a  dose  response  relationship 
between  increased  training  volume  and  increased  risk  of  injury  (Koplan  et 
al.,  1985;  Powell  et  al.,  1986).  Several  studies  have  documented  that  higher 
amounts  of  training — especially  higher  running  mileage — are  associated  with 
higher  injury  rates  (Blair  et  al.,  1987;  Koplan  et  al.,  1982;  Macera  et  al., 
1989a, b;  Marti  et  al.,  1988;  Pollock  et  al.,  1977).  With  the  exception  of 
volume  of  training,  other  risk  factors  for  injury  associated  with  physical 
training  have  not  been  clearly  established. 

Physical  fitness  and  body  composition  are  suspected  to  affect  the  risks 
of  injury  during  physical  activity  for  civilians  and  military  personnel  (Bensel, 
1976;  Cowan  et  al.,  1988;  Jones,  1983;  Koplan  et  al.,  1985;  Macera  et  al., 
1989a).  but  the  exact  nature  of  that  relationship  has  not  been  clearly  estab¬ 
lished.  .Another  possible  risk  factor  of  importance  to  the  military  that  may 
be  associated  with  both  fitness  and  body  composition  is  gender.  During 
basic  training  the  incidence  of  injury  for  women  has  consistently  been  high¬ 
er  than  that  for  men  (Bensel  and  Kish,  1983;  Kowal.  1980),  but  civilian 
studies  have  not  identified  gender  as  a  risk  factor  (Koplan  et  al.,  1982; 
Macera  et  al..  1989a,b). 

TWO  ARMY  STUDIES  OF 
BODY  COMPOSITION.  FITNESS,  AND  INJURY 

Rational  decisions  regarding  Army  policy  on  fitness,  fatness,  and  training 
are  best  made  when  based  on  data  from  military  populations.  As  a  Idunda- 
tion  for  decision  making,  this  paper  will  examine  data  from  two  epidemio¬ 
logic  studies  of  male  and  female  Army  trainees  that  were  conducted  by  the 
LI.S.  Army  Research  Institute  of  Environmental  Medicine  and  that  provide 
further  insight  into  the  following  areas; 

•  the  relationship  of  percent  BE  and  BMl  with  physical  fitness  and 
their  relative  importance  as  predictors  of  physical  fitness  in  male  and  fe¬ 
male  Army  trainees; 

•  the  degree  of  association  of  percent  BE  and  BMI  with  risks  of  training- 
related  injuries  in  men  and  women; 

•  the  degree  of  association  between  physical  fitness  and  risks  of  injury 
in  men  and  women; 

•  the  degree  of  association  between  past  physical  activity  or  training 
and  current  risks  of  injury; 

•  the  relative  importance  of  different  parameters  of  body  composition, 
physical  fitness,  and  physical  training  (activity)  on  risks  of  injury  using  a 
multivariate  model;  and 

•  the  implications  of  the  above  determinations  for  screening,  selecting, 
and  training  military  perstmnel. 
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Methods 

The  two  studies  described  below  were  prospective  follow-up  studies  of 
initial  entry  trainees.  Both  were  conducted  at  Fort  Jackson,  South  Carolina. 
One  was  completed  in  1984  and  the  other  in  1988,  and  both  followed  train¬ 
ees  through  the  full  course  of  the  8-week  basic  training  cycle. 


Subject.',' 

In  1984  potential  volunteers  were  all  trainees  coming  to  the  Fort  Jack- 
son  reception  station  on  one  weekend.  Ninety-nine  percent  volunteered  to 
participate.  In  1988  volunteers  were  solicited  from  all  women  being  pro¬ 
cessed  at  the  Fort  Jackson  reception  station  during  1  month.  Male  volun¬ 
teers  were  recruited  from  men  destined  to  be  assigned  to  companies  in  the 
same  battalions  as  the  female  volunteers  during  the  same  1 -month  period. 
The  volunteer  rate  from  the  second  group  in  1988  was  92  percent  in  this 
group. 

The  1984  data  are  from  a  population  of  310  trainees  ( 124  men  and  186 
women).  The  1988  data  are  from  three  training  battalions,  a  total  of  2,24.3 
trainees  (1.349  men  and  896  women).  Because  not  all  trainees  in  either 
study  were  able  to  take  all  portions  of  the  testing  due  to  scheduling  con¬ 
flicts  or  assignment  to  other  duties,  the  number  of  subjects  was  not  identical 
in  all  portions  of  the  analysis.  Also,  roughly  5  percent  of  men  and  7  percent 
of  women  trainees  were  lost  from  follow-up  due  to  discharge  from  the 
Army  or  transfer  to  another  unit.  Both  studies  were  conducted  in  two 
phases:  a  prescreening  phase,  which  consisted  of  a  series  of  body  composi¬ 
tion  and  physical  fitness  measures  along  with  a  questionnaire,  and  a  follow¬ 
up  phase,  which  included  a  medical  records  review. 

Both  studies  used  a  similar  series  of  prescreening  measures  including 
height,  weight,  percent  body  fat  (BF),  body  mass  index  (BMl).  a  health  and 
fitness  questionnaire,  and  Army  physical  fitness  test  results.  Prescreening 
measures  were  made  on  all  individuals  over  a  period  of  I  or  2  days,  with 
the  exception  of  physical  fitness  tests.  Prior  to  screening,  trainees  were 
informed  of  the  nature  of  the  study.  Those  who  volunteered  signed  a  con¬ 
sent  form,  immediately  after  which  they  were  screened  and  given  the  ques¬ 
tionnaire,  Follow-up  consisted  of  medical  records  review  and  documenta¬ 
tion  of  training. 


f’re.s(  reeniuc  Measures 

At  Fort  Jackson  in  1984,  BF  was  estimated  from  four  skinfold  measure¬ 
ments  using  the  equations  of  Durnin  and  Womersley  (1974),  For  the  1988 
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study,  circumference  measures  were  used  to  estimate  percent  BF  (separate 
sites  and  equations  for  men  and  women  as  specified  in  Army  Regulation 
600-9;  U.S.  Army,  1986).  BMI  for  both  men  and  women  was  calculated  as 
weight  divided  by  height  squared. 

Physical  fitness  was  assessed  with  the  Army  physical  fitness  test,  which 
was  taken  within  the  first  days  of  the  onset  of  basic  training.  Measures 
taken  were  1-mile  run  or  2-mile  run  times  and  the  number  of  sit-ups  and 
push-ups  performed  in  a  2-minute  time  period.  Entire  units  (companies)  ran 
either  a  1-  or  a  2-mile  "diagnostic  fitness"  test. 

At  Fort  Jackson  in  1984,  past  physical  activity  and  sports  participation 
were  assessed  by  a  questionnaire  delivered  to  groups  of  50  or  more  recruits. 
Each  question  was  read  aloud  by  trained  personnel.  The  primary  question 
to  assess  physical  activity  level  prior  to  entering  the  Army  was:  How  active 
are  you  compared  to  others  of  your  age  and  sex?  Subjects  were  asked  to 
rate  their  activity  on  a  4-point  scale  from  inactive  to  very  active.  A  similar 
question  was  validated  by  Washburn  et  al.  (1987). 

Total  kcals  of  energy  expended  in  leisure  time  recreational  and  sports 
activities  per  week  were  estimated  from  questionnaire  data.  Study  partici¬ 
pants  were  asked  to  check  activities  they  had  done  in  the  last  year  on  a  list 
of  common  activities.  For  each  activity  checked  they  were  asked  to  list 
how  many  days  per  week  on  average  they  performed  the  activity  and  how 
many  minutes  per  performance.  The  average  number  of  performances  per 
week  was  multiplied  by  the  average  number  of  minutes  per  performance  a 
subject  reported  doing  an  activity  in  the  last  6  months.  The  number  of  kcals 
per  week  was  attained  by  multiplying  minutes  per  week  by  an  estimate  of 
the  average  number  of  kcals  expended  in  a  specified  activity  per  minute. 
All  estimates  were  then  summed  for  each  individual.  The  question  was 
modeled  after  the  Minnesota  Leisure  Time  Physical  Activity  questionnaire 
(Taylor.  1978). 

The  1984  questionnaire  also  queried  trainees  about  their  prior  athletic- 
status  (nonathlete  =  I,  recreational  athlete  =  2.  nonschool  team  or  intramu¬ 
ral  athlete  =  .T  and  varsity  athlete  =  4).  The  usual  energy  intensity  (kcals 
expended  per  minute)  of  the  trainees’  leisure  time  and  sports  activity  was 
also  estimated  by  the  investigators  and  rated  on  a  four  point  scale  (1  = 
sedentary,  2  =  low,  =  mttderate.  and  4  =  high).  A  more  extensive  ques¬ 
tionnaire  was  delivered  at  Fort  Jackson  in  1988;  the  analyzed  results  are 
mit  yet  available. 


Medical  FoUaw-up 

Medical  follow-up  was  achieved  by  a  periodic  100  percent  medical 
record  review  of  every  chart  of  every  study  participant.  In  1984  a  single 
records  review  was  conducted  during  the  last  week  of  training.  In  1988 
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records  were  reviewed  every  2  to  3  weeks.  An  injury  was  defined  as  a  sick- 
call  visit  to  a  troop  medical  clinic  for  a  musculoskeletal  complaint  that 
received  an  injury  diagnosis  by  a  medical  caretaker,  usually  a  physician's 
assistant  or  a  physician. 


Physical  Trainiiti; 

Physical  training  was  assessed  by  scrutinizing  company  training  sched¬ 
ules  and  verbal  reports  from  company  cadre  in  1984.  In  1988  daily  training 
logs  were  also  used  to  document  training. 

Physical  training  for  companies  of  men  or  women  trainees  for  a  specific- 
year  was  similar.  In  1984  trainees  ran  and  performed  calisthenics  4  to  b 
days  per  week.  Men  generally  started  running  I  mile  and  progressively 
increased  the  distance  of  runs  by  about  0.5  mile  per  run  each  week  up  to  .3 
miles  per  run.  On  occasion  they  may  have  run  4  or  5  miles  at  a  time  near 
the  end  of  the  training  cycle.  Women  began  running  distances  of  0.5  mile 
per  run  and  progressed  in  distance  0.5  mile  per  week  up  to  .3  miles  per  run. 
At  Fort  Jackson  in  1988.  trainees  ran  only  3  times  per  week;  otherwise 
routine  physical  training  was  fairly  similar  to  that  in  1984.  Both  years, 
each  company  of  trainees  was  required  to  complete  a  5-  to  10-mile  road 
march  while  carrying  a  light  load  (20  to  25  pounds  |lbs))  in  the  middle  of 
the  training  cycle  and  another  8-  to  12-mile  march  at  the  end  of  the  cycle 
with  a  heavier  load  (40  to  45  lbs).  Every  company  also  conducted  training 
and  ran  a  time  trial  on  an  obstacle  course  and  a  confidence  course. 


Analysis 

Pearson  product-moment  correlation  coefficients  were  calculated  to  de¬ 
scribe  the  relationship  between  continuous  variables  such  as  percent  BF. 
BMI,  and  physical  fitness  measurements  (that  is,  run  times  and  numbers  of 
sit-ups  and  push-ups).  Also,  to  determine  whether  endurance  performance 
(run  times)  of  trainees  at  different  points  along  the  spectrum  of  percent  BF 
and  BMI  was  different,  trainees  were  divided  into  quintiles  (five  roughly 
equal-sized  groups)  on  the  basis  of  BF  measures  and  weight-height  ratios 
(BMI).  The  mean  run  times  ot  men  and  women  in  successive  groups  by 
percent  BF  or  BMI  were  compared  to  each  other  for  significance  using  a 
one-way  analysis  of  variance  (ANOVA).  For  significart  ANOVAs,  signif¬ 
icant  bctween-group  differences  were  identified  using  a  least  significant 
difference  post  hoc  test. 

A  stepwise  multiple  regression  model  was  developed  to  predict  mile 
run  times  for  men  and  women  from  other  physical  measurements  and  ques¬ 
tionnaire  data  at  Fort  Jackson  in  1984.  Changes  in  R-  values  from  the 
stepwise  regression  output  were  interpreted  as  indicators  of  the  amount  of 
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variance  in  endurance  performance  explained  by  successive  predictors  step¬ 
ping  into  the  equations.  The  point  estimate  of  the  significance  of  B  coeffi¬ 
cients  for  each  successive  predictor  variable  are  reported  as  />  values  in  the 
text.  The  significance  of  F  scores  are  also  reported  for  the  successive  steps 
in  the  models  for  both  men  and  women. 

Risks  of  injury  were  calculated  as  the  cumulative  incidence  (percent)  of 
trainees  incurring  one  or  more  training-related  injuries  during  the  8-week 
basic  training  cycle.  Relative  risks  (percent  injured  in  contrast  group  divid¬ 
ed  by  percent  injured  in  referent  group)  were  used  to  compare  the  incidence 
of  injury  in  groups  possessing  different  supposed  risk  factors  or  exposed  to 
different  levels  of  a  risk  factor.  Significance  of  contrasted  risks  was  tested 
with  simple  chi-square  tests  or  partitioned  chi-squares.  Mantel-Haens/'el 
chi-squares  for  linear  trends  were  used  when  a  trend  was  suspected  on 
inspection  of  the  data. 

To  compare  the  risks  of  individuals  exhibiting  different  levels  of  a 
continuous  risk  factor  such  as  percent  BF  or  mile  run  time,  subjects  were 
divided  into  successive  quartiles  (four  roughly  cqual-si/ed  grivups)  or  t  uin- 
liles  (five  nearly  equal-si/ed  groups)  of  risk  based  on  their  measured  value 
of  the  variable  of  interest.  For  the  1984  data,  trainees  were  placed  into 
quartiles  of  risk  based  on  continuous  measured  variables  because  the  sanv 
ple  si/e  lacked  power  to  demonstrate  differences  between  smaller-si/ed  groups. 
Trainees  in  the  1988  study  were  divided  into  quintiles  to  obtain  a  clearer 
picture  of  trends  and  because  the  sample  size  was  large  enough  to  supptrrt 
more  divisions  without  sacrificing  power. 

In  both  studies  for  all  potential  risk  factors  examined,  a  referent  level 
of  risk  was  chosen,  and  each  other  level  was  cvtmpared  to  it.  Referent 
levels  were  usually  the  lowest  level  of  risk  observed  or  the  level  believed  to 
have  the  loweo  risk  based  on  other  knowledge.  Relative  risks  were  calcu¬ 
lated  for  each  contrast.  For  the  1984  data.  90  percent  confidence  intervals 
are  reported  in  the  tables  below  because  this  was  a  hypothesis-generating 
study,  and  we  did  not  want  to  fail  to  rccogni/e  a  possible  significant  associ¬ 
ation  due  to  lack  of  power  secondary  to  a  small  sample  size.  For  1988  data, 
both  90  and  9.“!  percent  contidence  intervals  are  reported  in  the  tables  be¬ 
low  .  Point  estimates  of  significance  (/>  values)  are  repoited  in  the  text  when 
appropriate. 

To  control  for  the  influence  of  body  composition  and  physical  fitness 
on  the  risks  of  injury  for  women  compared  to  men.  Mantel-Haenszel  chi- 
squares  stratified  on  percent  BF  and  mile  run  times,  respectively,  were 
performed.  Finally,  a  stepwise  logistic  regression  was  also  performed  to 
determine  the  most  important  factors  contributing  to  the  risk  of  injury  in  a 
model  where  the  effects  of  multiple  factors  were  controlled  for  simulta¬ 
neously 
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Results 

Ihc  me;in  physical  characteristics  and  physical  fitness  test  results  for 
men  and  women  trainees  in  1484  and  1988  are  listed  in  Table  9-1.  Compar¬ 
isons  of  the  descriptive  characteristics  and  fitness  of  men  in  ’.984  and  1988 
indicate  that  they  were  very  similar  in  age,  height,  weight,  percent  BF.  and 
EiMI.  but  in  1988  they  appeared  to  be  slightly  less  fit;  the  same  was  true  for 
woitien.  Comparing  men  and  women,  the  men  were  taller,  heavier,  and  had 
higher  BMls  than  women  in  both  1984  and  1988.  while  women  had  higher 
percentages  of  BF.  In  both  years,  men  ran  faster  and  performed  more  push- 


T.ABI.K  9-1  Mean  Descriptive  Characteristics  and  Physical  F-'itness  Test 
Results  of  Men  and  Women  Arttiv  I'rainees  at  Fort  Jackson.  .South 
Carolitia,  iti  1984  and  1988 
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ups  and  sit-ups  than  women.  Cutoff  points  for  quartilcs  and  quintiles  of 
percent  BF,  BMI,  and  run  times  are  listed  in  Table  9-2  for  I9S4  and  Table 
9-.f  for  19HX. 


Correlation  oj  percent  BF  and  Bod\  Mass  Index 

The  correlation  between  percent  BF  by  skinfolds  and  BMI  among  men 
trainees  in  1984  was  ,81  [p  <  .000),  and  the  correlation  between  BF  by 
circumferences  and  BMI  in  1988  was  .84  (p  <  .000).  For  women  trainees  in 
1984,  the  correlation  between  body  fat  by  skinfolds  and  BMI  was  .64,  while 
in  1988  the  correlation  of  body  fat  by  circumferences  and  BMI  was  .86. 


TABFK  9-2  Body  Composition  and  Fitness  Variable  Medians,  Quartile 
Cutoff  Points,  and  Ranges  for  Men  and  Women  Army  Trainees  at  Fort 
Jackson,  South  Carolina,  1984 
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TABLF;  9-3  Body  Composition  and  Fitness  Variable  Medians,  Quintile 
C'utot't  Points,  and  Ranges  for  Men  and  Women  Army  Trainees  at  Fort 


Jackson,  South  Carolina. 
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TABLK  9-3  Continued 
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Pas!  Aciiviiy  Level  and  Hody  Cimip<isiiii>n 

On  cnirv  to  the  Army  in  19X4.  the  least  active  men  v\ere  also  the  fattest. 
For  men  trainees,  a  trend  was  observed  of  decreasing  average  percentage 
Bf-  (assessed  by  skinfoldsi  wuh  increasing  self-reported  activity  level  prior 
to  entry ,  F’ercent  Bf-  decreased  from  20.7  percent  for  the  least  active  group 
to  I9,,s  percent  for  the  average  group,  to  16.2  percent  for  the  next,  and  l.'s  .'s 
percent  for  the  most  active.  The  extreme  groups  (inactive  versus  verv 
active)  were  significantly  different  t/r  <  .0.6).  For  women  in  1984.  however, 
there  was  no  apparent  association  between  activity  levels  prior  to  entry  to 
the  service  and  percent  BF.  Ihe  percent  BF  of  women  varied  from  24.3 
percent  BF  for  the  least  active  group,  to  26.8  percent  for  the  average  groups, 
to  24.7  percent  for  the  next  group,  to  23.9  percent  for  the  most  active  group. 


Radv  Compositior  anil  Physical  Performance 

Positive  correlations  between  percent  BF  and  mile  run  times  and  be¬ 
tween  BMI  and  mile  run  times  were  observed  among  both  men  (Table  9-4) 
and  women  (Table  9  .6)  in  1984  and  1988.  Results  indicate  that  for  both 
men  and  women,  as  percent  BF  and  BMI  increase,  run  times  become  slow¬ 
er.  The  magnitude  of  the  correlations  between  body  composition  measures 
and  endurance  performance  and  their  degree  of  significance  was  greater  for 
men  than  women  in  both  years.  For  men.  roughly  7  to  28  percent  of  the 
v  ariance  in  mile  run  times  can  be  explained  by  percent  BF.  while  only  I  to 
3  percent  of  the  variance  among  women's  times  can  be  explained  on  this 
basis. 
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I'ABLK  9-4  Correlations  of  Percent  Body  Fat  (BF)  and  Body 
Mass  Index  (BMIi  with  Entry  Level  Physical  Fitness,  and 
Correlations  of  Run  Times  With  Sit-ups  and  Push-ups,  Men 
Army  Trainees,  Fort  Jackson.  South  Carolina 
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Negative  correlations  were  noted  between  percent  BF  and  numbers  of 
sit-ups  and  push-ups.  These  data  indicate  that  successively  "latter"  men 
and  women  trainees  on  average  perform  fewer  sit-ups  and  push-ups.  Al¬ 
though  the  correlations  between  body  fat  and  sit-ups  and  push-ups  were 
significant  for  both  men  and  women  in  both  years,  the  magnitude  of  corre¬ 
lations  were  generally  lower  than  for  percent  BF  and  run  times.  Although 
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TABLK  9-5  Correlations  of  Percent  Body  Fat  (BF)  and  Body 
Mass  Index  (BMI)  with  Entry  Level  Physical  Fitness,  and 
Correlations  of  Run  Times  With  Sit-ups  and  Push-ups.  Women 
Army  Trainees,  Fort  Jackson,  South  Carolina 
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the  direction  of  correlations  of  BMI  with  sit-ups  and  push-ups  was  also 
negative,  their  magnitude  was  small  (less  than  r  =  0.2). 

Tables  9-h  and  9-7  show  mean  run  times  for  men  and  women  for  differ¬ 
ent  quintiles  of  BF  and  BMI.  Mean  run  times  increased  significantly  with 
successively  higher  levels  of  BF  above  the  third  quintile  for  men.  The 
leanest  men  ran  1  mile  in  an  average  7.1  minutes  compared  to  8.4  minutes 
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TABLK  9-6  M  cun  Run  Tinies  by  Quintile  of  Percent  Bod>  F'at  (Bf  )  and 
Body  Mass  Index  (BMI)  for  Men  Army  Trainees,  Fort  Jackson.  South 
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for  the  fattest  quintile  ip  <  .('5).  Amoni:  women,  only  the  highest  percent 
BF  (fifth  quintile)  was  significantly  different  from  the  others.  Women  with 
the  lowest  percentages  of  BF  ran  the  mile  in  a  mean  time  of  10,4  minutes 
compared  to  I  1.2  minutes  for  the  fattest  {p  <  .O.S),  The  relationship  and 
trends  in  time  for  the  2-mile  run  versus  quintile  of  percent  BF  for  men  and 
women,  lespectiveh .  are  similar  to  those  seen  for  the  I  mile. 

Patterns  ot  relationship  ol  quintile  of  BMI  and  mean  run  times  for  men 
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TABLK  9-7  Mean  Run  Times  by  Quintile  of  Percent  Body  F-at  (BF)  and 
Body  Mass  Index  (BMl)  for  Women  Army  Trainees,  Fort  Jackson.  South 
Carolina.  19S8 

Signilicanilv  different  from 


Variable 

Mean 

sn 

/I  (j 

1  Milr  Hun 

Bt-  quinulo 

Q1  lo.in 

10.4 

1X4 

7  4 

02 

1(1.2 

1.60 

74 

0^ 

lO.s 

l.,SI 

.so 

g-t 

in. 6 

1.9  1 

6.4 

os  tai 

1  1.2 

2. 17 

70 

2 -SI lie  Kii'i 

Bl-  quintile 

(,)1  lean 

20.(1 

2  1  1 

6b 

02 

19.x 

2,IH 

b>: 

02 

20,  1 

2.4X 

7b 

02 

20,4 

2, .42 

70 

OS  fat 

20.9 

2,09 

62 

/  Mih-  Hun 

BMI  qiiintilf 

Oi  lex 

1(1. J 

1  HI 

7n 

02 

10.4 

I.XX 

76 

OS 

10. .S 

1  X9 

66 

02 

10  4 

1,76 

66 

gs  hit'll 

1  1,2 

2,06 

61 

2  t/i/r  A'«/; 

HMI  quintile 

1,^1  loss 

20. ' 

2,40 

62 

I9.'’ 

2,12 

60 

tj' 

200 

2.42 

74 

gt 

20.6 

2,4’ 

74  I- 

iii.eh 

20  X 

2,06 

“,4 

Smnitikanlly  dittcreni  ai  p  <  ns  b\  U-asi  sijimficant  difference 


anti  vst'fiieti  were  \  irlnally  identical  to  those  ftrr  BF.  Men  and  wannen  in  the 
lowest  quintiles  of  BMI  ran  sijtnificantK  faster  th;in  tln'se  in  the  highest 
quintiles. 

f’ri  iin  turn  Ilf  foul lira  HI  (’  Pcrfarmani  c 

Because  of  the  importance  of  aerobic  fitness  to  the  Army's  mission,  ati 
expUiratory  model  was  devised  to  predict  endurance  perforrmince  (mile  run 
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times)  using  data  from  the  pilot  study  at  Fort  Jackson  in  1984.  Potential 
predictor  variables  for  both  men  and  women  were: 

•  Age  (years) 

•  Height  {HT,  cm) 

•  Body  fat  {RF,  %) 

•  Sit-ups  [SU.  number) 

•  Push-ups  {PU.  number) 

•  Total  calories  (TCAL,  total  kcals/week) 

•  .Activity  level  {ACT:  1  =  inactive,  4  =  very  active) 

•  Athletic  status  (ATHS:  1  =  nonathlete,  4  =  varsity) 

•  Intensity  (INT:  1  =  sedentary,  4  =  high) 

Predictor  variables  entered  the  model  in  stepwise  fashion  in  order  of  impor¬ 
tance. 

1  he  final  predictive  regression  equation  for  men  trainees  using  the  above 
variables  was: 

Mile  time  {minutes)  =  -,019(6X')  +  .{)55{BF)  -  ,227(ACT)  -  .142(//V7)  -t-  8.47. 

Sit-ups  (/)  =  .004)  entered  the  equation  first,  explaining  20  percent  of  the 
variance  in  mile  times.  Percent  RF  (p  -  .009)  entered  the  equation  next, 
which  explains  an  additional  1 1  percent  of  the  variance  in  times.  Following 
percent  RF.  activity  level  in  =  .04)  stepped  in,  contributing  another  4  per¬ 
cent  to  the  explanatory  power  of  the  equation.  The  last  predictor  to  enter 
the  model  was  the  intensity  of  the  trainee's  past  recreational  and  sports 
activities  ip  =  .1,1).  accounting  for  another  2  percent  of  the  variance  in  run 
times  for  men.  The  final  multiple  regression  model  explained  .17  percent  of 
the  V  ariance  in  endurance  performance  of  men  trainees  as  measured  by  run 
times  ip  <  .000),  Multiple  regression  coefficients  iR)  increased  with  each 
step  fiom  .4.1  to  ..“'b  to  .60  to  .62.  All  steps  were  significant  at  />  <  .009. 

For  women  the  endurance  performance  predictive  equation  was: 

Mile  time  (minutes)  =  -.,19(AC/)  -  .018(//T)  -  .0)8(.S7/)  -r 
(n5iRF)  -  .22(.47//)  -t-  16.9. 

The  trainees'  self-assessed  activity  level  ip  =  .004)  entered  the  model  first, 
and  explained  1.1  percent  of  the  variance  in  mile  times  for  women.  Height 
stepped  into  the  equation  next,  contributing  an  additional  9  percent  to  the 
cxplan.itory  ability  of  the  model.  Number  of  sit-ups  ip  =  .07)  followed 
height  into  the  model,  w  hich  boosted  the  explained  variance  4  percent  more. 
Percent  RF  ip  -  ,08)  entered  the  model  for  women  fourth,  contributing  1 
percent  to  the  explained  variance  in  run  times.  The  last  variable  to  enter  the 
model  was  athletic  status  ip  =  .11).  which  accounted  (or  2  percent  of  the 
explained  variance.  Ihe  multiple  regression  model  explained  11  percent  of 
(he  apparent  variance  in  the  run  times  of  women  trainees  ip  <  .000).  The 
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multiple  regression  coefficients  {R)  for  successive  steps  in  the  model  increased 
from  .39  to  .49  to  .53  to  .56  to  .57.  All  steps  were  significant  at  p  <  .0009. 


Injuries 

At  Fort  Jackson  in  1984  over  the  course  of  the  8- week  basic  training 
cycle,  significantly  more  women  suffered  training-rela'ed  injuries  than  men: 
50.5  percent  of  women  compared  to  27.4  percent  of  men,  with  a  risk  ratio 
of  1.84  (p  <  0.000).  In  1988  during  the  8  weeks  of  basic  training,  43.5 
percent  of  women  were  injured,  and  only  27.2  percent  of  men  experienced 
an  injury,  a  risk  ratio  of  1.61  (p  <  0.000).  In  1984,  over  90  percent  of  all 
musculoskeletal  complaints  for  both  men  and  women  were  due  to  lower 
extremity  injuries,  and  in  1988  about  85  percent  of  the  injuries  of  men  and 
women  were  lower  extremity  training-related  injuries,  such  as  stress  frac¬ 
tures,  patellofemoral  syndrome,  achilles  tendonitis,  and  ankle  sprains. 


Bods  Composition  and  Injury 

Tables  9-8  and  9-9  display  the  risks  of  injury  for  men  by  quartile  (1984) 
and  quintile  ( 1988)  of  percent  BF.  For  men  in  both  1984  and  1988,  a  higher 
incidence  of  injury  was  evident  among  the  fattest  quartiles  and  quintiles  of 
trainees.  In  1988  the  fattest  three  quintiles  of  men  were  at  significantly 
greater  risk  than  the  leanest  two.  25.3  versus  20.7  (risk  ratio  =  1.2,  p  =  .05). 
Tables  9-10  and  9-1 1  show  the  risks  of  injury  by  quartile  (1984)  and  quin¬ 
tile  ( 1988)  of  percent  BF  for  women.  There  were  no  significant  differences 
in  risk  to  women  by  percent  BF  in  1984.  In  1988,  contrary  to  what  was 
observed  for  men,  the  incidence  of  injury  for  the  leanest  two  quintiles  of 
wcimen  was  greater  than  the  third  and  fourth  quintiles:  42.4  percent  com¬ 
pared  to  33.8  percent  (risk  ratio  of  1.3,  p  =  .05). 

The  risk  of  injury  by  quartiles  or  quintiles  of  BMl  is  shown  for  men  in 
Tables  9-8  and  9-9  and  for  women  in  Tables  9-10  and  9-1  1.  The  relation¬ 
ship  between  BMI  for  men  and  women  in  1984  appeared  as  if  it  might  be 
bimodal.  with  both  the  lowest  and  highest  quartiles  at  greater  risk  of  injury 
than  the  middle  groups.  For  men  in  1984  the  risk  of  injury  for  the  lowest 
quartile  of  BMl  was  35.5  percent  versus  18.0  percent  for  the  middle  two 
quartiles.  a  risk  ratio  of  2.00  (p  =  .11).  For  the  highest  quartile  versus  the 
middle  two.  the  risk  ratio  was  38.7  percent  to  18.0  percent  (risk  ratio  = 
2.15,  p  =  .03).  For  women  in  1984  the  pattern  of  association  of  BMI  with 
risk  of  injury  was  similar  to  that  of  men.  The  risk  for  the  lowest  quartile  of 
women  was  55.6  percent  compared  to  38.3  percent  for  the  third  quartile 
(risk  ratio  =  1.45.  p  =  ,09).  The  risk  of  the  highest  quartile  of  women 
trainees  was  63.0  percent  versus  38.3  percent  for  the  third  quartile.  with  a 
risk  ratio  of  1.65  (p  =  .02). 
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TABLE  9-8  Risk  of  Musculoskeletal  Injury  by  Quartile  of  Percent  Body 
Fat,  Body  Mass  Index,  and  Mile  Run  Time  for  Men  Army  Trainees,  Fort 
Jackson,  South  Carolina.  1984 


Relative  Risk 

Confidence 

Variable 

Risk  ) 

(versus  baseline) 

n 

Interval  (OO'T) 

Perceni  hoih  Jai 

Ql  lean 

27.3 

1.24 

33 

(0.62-2.6.3) 

02 

26.7 

1  26 

30 

(0.60-2.64) 

0-^ 

21.2* 

1  (M) 

33 

— 

Q4  fat 

3.S.7 

1.68 

28 

(0.84-3.36) 

Total 

Bod\  mass  index 

123 

Ql  low. 

3.S.S 

2.06 

31 

(0.1)4-4.48) 

02 

IK. 8 

1  to 

32 

(0.44-2.68) 

ay 

17.2’ 

1  ()() 

29 

— 

04  high 

38.7 

2.2.S 

31 

(1.04-4.83)' 

Total 

Run  time 

124 

0-  fast 

14  3 

1.43 

21 

(().3.S-.S.86) 

02 

1(1.0* 

1.00 

20 

— 

0.' 

26.3 

2.63 

19 

(0.74-9.30) 

Q4  slow 

42.1 

4  2) 

)9 

0.28-13. 83)' 

Total 

79 

’Referent  level  (tlennminator  for  risk  ratio). 
V  <  I. 


This  bimodal  relationship  of  BMI  with  injury  risk  was  not  clearly  evi¬ 
dent  at  Fort  Jackson  in  1988.  Although  the  extremes  of  the  distribution  of 
BMI  did  tend  to  have  a  higher  incidence  of  injury  than  middle  quintiles  (see 
Table  9-9  for  men  and  Table  9-1 1  for  women),  no  significant  difference  in 
risk  between  quintiles  of  BMI  was  identified  among  men  trainees.  For 
women  in  1988  the  extreme  quintiles  of  BMI  were  at  the  greatest  apparent 
risk,  but  only  the  lowest  two  quintiles  were  in  significantly  greater  jeopar¬ 
dy.  42.5  percent  risk,  compared  to  the  fourth  quintile,  which  had  the  lowest 
risk;  30.7  percent  (risk  ratio  =  1.3,  p  =  .01). 


Physical  Fitness  and  Injury 

The  relationship  between  physical  fitness  and  injury  is  more  pronounced 
and  more  directional  than  that  for  body  composition  and  injury.  A  signifi¬ 
cant  association  between  low  aerobic  fitness  (endurance)  as  measured  by 
mile  run  times  and  elevated  risk  of  injury  for  both  men  (p  for  trend  =  .02) 
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TABLE  9-9  Risk  of  Musculoskeletal  Injury  by  Quintile  of  Percent  Body 
Fat.  Body  Mass  Index,  and  Run  Time  for  Men  Army  Trainees,  Fort 
Jackson,  South  Carolina,  1988 


Relative  Risk 

Confidence 

Variable 

kivk  ('»  ) 

(versus  baseline)  n 

interval  i40'/f/95'/f) 

Pen 

•nl  body  f  di 

01  lean 
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— 

O’ 
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04 
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1  23 
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27  <1 
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loial 

1 .0,53 

Rods 
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1.12 
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o: 

2,S.6 
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O' 

20.4* 

1  (10 
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23  2 

Ml 
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(JS  III  eh 

24  s 
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1  .ilal 

1.053 

Pun  lime 

01  lav! 

23  .3 

1  03 
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(0.80-1  3.3/0, 76- 1,40) 

o: 

22  H* 

1.00 
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.... 

O' 

24  2 

1.2X 
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(l.()l-1.63,/().46-l.71)J 

04 

2b. 7 

117 
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(0.41-1. 50/0, 87  1.57) 

0“! 

.'4,1 

1,50 

267 

(1,14-1.88/1.14-1,47)^ 

I  otal 

1  ,.344 

Rclcreiu  level  ulenominalor  lor  nvk  raliol. 
e  (15. 

■><  I 

V>  <  III 


and  women  (/;  for  trend  =  .03)  was  seen  in  1984  (see  Table  9-8  for  men  and 
Table  9-10  for  women).  The  slowest  two  quartiles  of  men  had  a  higher  risk 
of  injury  than  the  fastest  two;  34  percent  versus  12  percent,  a  risk  ratio  of 
2.8  (/?  =  .03).  For  women  trainees,  a  similarly  significant  association  was 
observed  between  mile  times  and  risk  of  injury.  The  slowest  two  quartiles 
of  women  had  a  higher  risk  of  injury.  59  percent,  versus  35  percent  for  the 
fastest  two  quartiles  (risk  ratio  =  1.7.  p  =  .01). 

At  Fort  Jackson  in  1988.  a  trend  similar  to  those  observed  in  1984  was 
noted  between  run  times  and  risk  of  injury  among  men  trainees  (see  Table 
9-9  for  men  and  Table  9-1 1  for  women).  The  slowest  three  quintiles  of  men 
trainees  had  a  combined  average  incidence  of  injury  of  30  percent  compared 
to  23.1  percent  for  the  fastest  two,  a  risk  ratio  of  1.3  (p  =  .005).  A  signifi- 
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TABLE  9-10  Risk  of  Musculoskeletal  Injury  by  Quartile  of  Percent 
Body  Fat,  Body  Mass  Index,  and  Mile  Run  Time  for  Women  Army 
Trainees,  Fort  Jackson,  South  Carolina,  1984 


Relative  Risk 

Confidence 

Variable 

Risk  t'f  ) 

(versus  baseline) 

n 

Interval  (90% ) 

Percent  body  fat 

yi  lean 

4I..1 

0.7S 

46 

(0.. 54-1. 12) 

Q3 

61.7 

1  16 

46 

(0.86-1. .56) 

5.1.2* 

1  00 

A1 

— 

Q4  fat 

4.5.7 

0.86 

46 

(0.61-1.21 ) 

Total 

Body  mass  im/e.v 

186 

01  low 

55.6 

1.4.5 

45 

( 1 .00-2. :  1  )* 

Q2 

45.8 

1  20 

48 

(0.80-1.78) 

Q2 

.18. ,1* 

1 .00 

47 

— 

Q4  high 

6.1.0 

1.64 

46 

(1.15-2,1.5)^ 

Total 

Run  time 

186 

01  fast 

.16.1 

1.08 

16 

(0.64-1.84) 

Q2 

11.1* 

1 .00 

16 

— 

Q2 

57.1 

1.71 

15 

( 1.09-2.71  )^ 

04  slow 

60.6 

1.82 

11 

(1,16-2,86)' 

Total 

140 

*Refereni  level  (denominalor  for  risk  ratio). 


cant  linear  trend  between  slow'cr  run  time  and  higher  risk  of  injury  was  also 
identified  (p  =.00,^).  The  association  between  run  times  and  injury  risk  was 
not  so  distinct  for  women  in  1988.  The  risk  ratio  of  the  slowest  two  quintiles 
was  contrasted  with  the  fastest  three,  yielding  a  risk  ratio  of  \.2  {p  -  .02). 

When  the  1988  run  time  data  for  men  trainees  and  lower  extremity 
injuries  only  was  examined  for  associations,  an  even  more  pronounced  trend 
of  increasing  injury  risk  with  slower  run  time  was  observed  (Mantel-Haens- 
/el  chi-square  for  trend,  p  =  .0006).  Risks  for  men  descended  from  .^0.3 
percent  for  the  slowest  quintile  to  23.7  percent,  to  24.7  percent,  to  18.3 
percent,  and  slightly  up  to  19.3  percent.  There  was  al.so  a  stronge.  -elation - 
ship  between  quintiles  of  run  time  and  risk  of  injury  for  women  trainees  in 
1988  when  only  lower  extremity  injuries  were  analyzed  (Mantel-Haenszel 
chi-square  for  trend,  p  =  .08).  Risks  for  women  for  successive  quintiles  of 
run  time  for  slowest  to  fastest  went  from  38.3  percent  to  48.6  percent,  then 
down  to  37.9  percent  for  two  quintiles  and  down  to  34.1  percent. 


162  BHi  CI-:  II  .io.\i:s.  m.mihew  h  .  bovee.  and  Joseph  j  knapik 

TABLE  9-11  Risk  of  Musculoskeletal  injury  by  Quintile  of  Percent 
Body  Fat,  Body  Mass  Index,  and  Run  Time  for  Women  Army  Trainees, 
Fort  Jackson,  South  Carolina,  1988 


Relative  Risk 

Confidence 

Van.ible 

Risk  (6  1 

(versus  baseline) 

n 

Interval  (40'7f/4.5v/r ) 

Pert  em  huth  fur 

01  lean 

44  X 

I..I2 

IXI 

(1.06-1.64/1.02-1.71)' 

q: 

''4  X 

l.lh 

176 

(0.42-1. 48/0.88-l,.52) 

0^ 

15.4' 

1  DO 

18.4 

- 

04 

.14. 1 

1 .01 

176 

(0.74-1. 28/0.75-1. .44) 

0.^  fat 

14. (. 

1  15 

177 

10.41-1. 4.5/0.88- 1.51) 

I  otal 

X4.4 

Roii\  nuiss  truU’K 

01  Inu. 

4  Vm 

1.42 

174 

(1.14..  1.78/1. OX-1. 86)' 

o:: 

41  1 

1  15 

174 

(1.07-1.70/1.02-1.781' 

O' 

IX  „ 

1  24 

1  /4 

(0.47- 1.57/0.44- 1.65) 

04 

K  ?■ 

1  DO 

174 

— 

05  high 

M  4 

1.22 

174 

(0.46-1.5,5/0,41-1.64) 

I  utal 

Hun  time 

845 

01  last 

41  7 

1  OX 

180 

(0.87-1.4.4/0  84-1.44) 

q: 

4  h 

I.Ob 

178 

(0X6-1. 41/0X4-1, 47) 

O' 

.1,  7' 

1.00 

IXI 

-- 

04 

<S 

l..'4 

174 

(1.1.5-1,68/1.11-1,74)+ 

05  slim 

4.  1 

I  12 

178 

(0.4|  1  4X/0,X7-I,44) 

n-lal 

846 

KcIcaTil  level  (ileniii  'inalor  for  risk  ralioi 

ip  <  .05. 

*p  <■  01. 


Ph\si(  III  Acriviix  an  Injury 

In  1984  a  stepv  ise  trend  of  decreasing  risk  with  increasing  activity 
level  was  evident  fo  men  (Table  9-12).  Risks  decreased  from  43  percent 
for  the  least  active  <  roup  to  17  percent  for  the  most  active  (p  for  trend  = 
.061,  Comparing  th.-  risks  of  the  average  and  inactive  groups  with  the 
active  and  very  active  groups,  the  risk  ratio  is  1.6  (36.4  percent/22. .3  per¬ 
cent.  p  =  ,09).  For  women  there  did  not  appear  to  be  an  association 
between  physical  activity  and  risk  of  training-related  injuries  (Table  9-12). 


(ivndcr.  Phxsical  Pilness  and  Risk  of  Injury 


The  crude  relative  risk  of  injury  for  women  compared  to  men  at  Fort 
Jackson  in  1984  was  1.8  (,3()..3  perccnt/27.2  percent,  p  <  .000).  When  risks 
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TABLE  9-12  Association  ot  Self- Assessed  Activity  Level  of  Men  and 
Women  Trainees  Prior  to  Entering  the  Army  with  Risk  of  Injury.  Port 
Jackson.  South  Carolina,  1984 

Relative  Risk  Confidence 


.Attivity  Level 

Risk  ('; ) 

(versus  baseline) 

n 

Interval  (404; 

Men 

Very  ueiive 

17.:* 

1  (Xl 

24 

— 

.•Veuve 

:s.s 

1  48 

51 

(0.68-4,21  I 

Average 

.LS  1 

:.()4 

47 

(0.45-t..47i 

Nut  very  aetive 

4:. 4 

:  44 

7 

(0.4.4  -6.6.4) 

Tolal 

Women 

124 

S'ery  aelive 

48,5* 

1  (Ml 

.14 

— 

Active 

,5:.: 

1.08 

64 

(0,84-1.41  1 

Average 

48,4 

1.00 

64 

(0.56  (1.461 

Not  very  aetive 

55,0 

1.14 

20 

(0.57  1  21  1 

Total 

186 

*Roterent  level  (denoniinalor  for  risk  raiio). 


for  women  versus  men  were  stratified  by  level  of  fitness  (mile  run  times)  so 
that  women  were  compared  to  men  of  the  same  degree  of  fitness,  there  was 
no  difference  in  risk  between  genders,  and  the  overall  risk  ratio  was  .98 
(Mantel-Haens/.el  chi-square  =  0.00.  p  =  1.00;  Table  9-I.J).  When  risks 
were  stratified  on  percent  BE,  the  risk  ratio  remained  unchanged  at  1.8. 
which  indicates  that  BE  did  not  affect  the  risk  of  injury.  Stratification  on 
several  other  factors,  including  age.  race,  sit-ups.  and  push-ups.  did  not 
affect  the  magnitude  of  the  risk  ratio. 

Two  logistic  regression  models  were  also  created  to  determine  the  im¬ 
portance  of  various  risk  factors  for  injury.  The  variables  included  in  the 
first  model  were:  gender,  age,  race,  athletic  status,  self-assessed  activity 
level,  height,  weight,  percent  BE,  push-ups,  and  sit-ups.  In  this  regression, 
without  fitness/run  time  included,  the  only  factor  (hat  stepped  into  the  mod¬ 
el  was  gender,  with  an  estimated  odds  ratio  for  women  versus  men  of  2.,S 
(p  =  .0().‘').  The  second  model  created  was  identical  e.xcept  that  mile  run 
time  was  included  as  a  variable.  In  this  second  model,  gender  did  not 
approach  the  significance  required  to  enter  the  model,  but  mile  run  time  did. 
with  an  estimated  odds  ratio  for  slow  versus  fast  of  .J..**  (/)  =  .001 ).  Percent 
BE  did  not  approach  the  required  Fs  for  entry  into  either  model,  nor  did 
any  other  variable.  Again  when  a  measure  of  physical  fitness  was  a  candi¬ 
date  for  entry  intt>  the  stepwise  model,  gender  differences  disappeared,  and 
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TABLK  9-13  Risk  of  Injury  for  Women  Versus  Men  Army  Trainees  by 
Tertiles*  of  Mile  Run  l  ime.  Fort  Jackson,  South  Carolina,  19H4 


Risk  of  Injury  i  '.v  r 

Ran  Time 

Confidence  Interval 

I  L-rtilc’ 

women 

Men 

Risk  Ratio 

pm;  1 

1 

:o  O'; 

17. s':; 

t.l 

(  4  4.S) 

(2/10) 

1  1  1/6  0 

.I7..e-; 

46  7'; 

O.K 

(  4  I  S) 

(22/.S7I 

(7/I.Si 

I 

>1.7'', 

0.0'; 

-- 

(47/71 1 

lO/l  ) 

SOM’  Municl-Hucns/el  sumniar\  risk  ratio  ==  i.4  -  2  ');  Mantel  flacns/cl  chi-square  = 

tt  (H).  /'  -  I  .OO.) 

'lertiies  were:  I  I  -  7  o  mirmies.  r2  =  7.9  9.7  minutes.  T.7  =  >97  '"miues. 

‘Percent  risk  =  injuted/i injuied  ♦  iu»l  iiifureil)- 


endurance  as  measured  by  run  times  was  the  best  predictor  of  training- 
related  injuries. 


Discussion 

1  hese  two  studies  at  Fort  Jackson  provided  a  unique  oppitrtunity  to 
prospectively  examine  the  relationships  among  body  composition,  physical 
titness,  and  injury  in  men  and  wcimen.  The  assemblage  of  basic  trainees  at 
an  Army  reception  station  for  several  days  prior  ti)  the  onset  of  basic  train¬ 
ing  permitted  the  collection  of  baseline  data  from  direct  physical  measure¬ 
ments  and  questionnaires.  .Access  to  medical  records  of  this  young,  healthy 
population  provided  an  opportunity  that  would  he  rare  outside  the  military. 
\ls('.  the  records  represent  all  health  care  received,  because  basic  trainees 
do  not  have  aceess  to  any  other  health  care  system.  A  final  unique  aspect  of 
this  study  was  that,  unlike  most  epidemiologic  studies  of  this  nature  on 
civilian  sports  and  exercise  populations,  all  individuals  in  the  study  were 
engaged  m  similar  types  and  amounts  of  physical  training  and  other  daily 
activ  ities. 

Many  of  the  results  of  this  study,  such  as  the  correlation  between  in¬ 
creasing  percent  BF  and  decreasing  endurance  performance,  were  similar  to 
those  reported  hv  previous  investigators.  Other  findings,  such  as  the  associ- 
.ttion  between  lower  levels  of  physical  fitness  and  higher  risks  of  injury, 
were  unique.  These  singular  findings  may  be  explained  by  characteristics 
ot  this  study  design  that  were  different  from  previous  studies  ot  ''ns  nature. 
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Results  of  this  study  have  important  implications  for  the  military  and  phys¬ 
ically  active  civilian  populations. 


Ciin  eiutiiin  Between  Body  Compasilion  and  Physical  Fitness 

Because  an  underlying  assumption  of  Army  policy  is  that  fatter  soldiers 
are  less  fit,  it  was  deemed  important  to  examine  that  premise.  Others  have 
found  significant  correlations  between  measures  of  BF  and  fitness.  Vogel 
and  FriedI  (chapter  6)  found  a  significant  correlation  (r  =  -.48)  between 
percent  BF  and  maximum  oxygen  uptake  for  men.  In  another  recent  study, 
Jette  et  al.  (1990)  reported  correlations  between  BMl  and  estimated  maxi¬ 
mum  oxygen  uptake  of  -.41  for  men  and  -.54  for  women.  Cureton  el  al. 
(1979)  found  negative  correlations  between  percent  BF  and  run  times  of 
men  and  women  of  -.30  and  -.22,  respectively.  The  findings  presented  here 
were  parallel  to  those;  significant  positive  correlations  were  observed  between 
percent  BF  and  I  -  or  2-mile  run  times  of  .27  to  .53  for  men.  but  only  .  1 2  to  .  16 
for  women,  which  indicates  that  fatter  men  and  women  run  slower. 

In  this  study,  correlations  between  BMI  and  run  times  were  also  signif¬ 
icant  and  positive  but  of  lower  magnitude  than  for  percent  BF.  This  lower 
correlation  probably  occurred  because  BMI  is  only  a  surrogate  measure  of 
percent  BF.  and  it  is  the  inert  fat  tissue  that  detracts  from  weight-bearing 
endurance  performance.  BMI  accounted  for  only  65  to  70  percent  of  the 
variance  in  percent  BF  among  men  trainees  and  between  40  and  70  percent 
of  the  variance  for  women  trainees. 

Negative  correlations  between  BMI  and  number  of  sit-ups  performed  in 
1 -minute  intervals  have  been  reported  by  Jette  et  al.  (1990):  r  =  -.24  and  r 
-  -.15  for  men  and  women,  respectively.  In  this  study,  negative  correla¬ 
tions  were  found  between  percent  BF  and  number  of  sit-ups  in  2  minutes  of 
-.17  to  -.29  for  men  and  -.12  to  -.14  for  women.  Jette  et  al.  (1990)  also 
observed  negative  correlations  between  BMI  and  push-ups  with  r  =  -.22  for 
both  men  and  women.  Correlations  in  this  study  between  percent  BF  and 
push-ups  for  men  ranged  from  -.17  to  -.29.  and  those  for  women  ranged 
from  -.02  to  -.18.  Correlations  between  BMI  and  sit-ups  and  push-ups 
were  lower  than  for  percent  BF  and  these  calisthenics. 

In  general,  the  correlations  between  measures  of  BF  and  either  push¬ 
ups  or  sit-ups  were  lower  than  for  those  with  weight-bearing  endurance 
performance  such  as  running.  These  lower  correlations  w  ith  BF  are  attrib¬ 
uted  to  the  fact  that  individuals  must  lift  only  a  portion  of  their  body  weight 
against  gravity  to  perform  push-ups  and  sit-ups.  hut  they  must  lift  their 
entire  body  weight,  including  the  fat.  to  run. 

To  further  understand  the  degree  and  significance  of  changes  in  run 
times  as  level  of  BF  increases,  these  changes  were  analyzed  for  successive 
quintiles  of  BF  in  1988.  .Significant  differences  in  run  times  were  found 
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between  successive  quintiles  of  percent  BF  among  men.  but  only  between 
the  extreme  quintiles  of  BF,  the  fattest  and  the  lower  ones,  among  women. 
This  finding  suggests  that  in  this  study,  percent  BF  is  not  as  good  a  discrim¬ 
inator  of  fitness  for  women  as  for  men.  Vogel  and  Friedl  (chapter  6)  found 
significant  decreases  in  run  time  between  quartiles  of  active-duty  men  and 
women  soldiers  with  successively  higher  percentages  of  BF. 

As  an  aside,  the  relative  run  times  of  women  may  not  be  as  strongly 
affected  by  increases  in  percent  BF  because  the  relative  range  of  fatness  for 
women  is  less  than  for  men.  The  range  of  fatness  for  women  is  from  16  to 
.^4  percent,  a  relative  difference  of  2.3  between  extremes,  while  for  men  the 
range  is  2  to  30  percent,  a  15-fold  difference  (Friedl  et  al..  1989).  For  this 
reason,  percent  BF  provides  less  discriminating  power  for  women. 

The  consistency  and  significance  of  the  correlation  between  measures 
of  BF  and  endurance  performance  are  important  to  the  military  because 
current  regulations  and  policy  assume  such  a  relationship.  Also,  the  stron¬ 
ger  correlations  between  measures  of  percent  BF  and  physical  fitness  (that 
IS,  run  times,  sit-ups,  and  push-ups)  than  between  BMI  and  fitness  have 
important  implications  for  the  military.  Stronger  correlations  with  percent 
BF  suggest  that  using  BF  standards  rather  than  BMI  or  height-weight  tables 
as  criteria  for  enlistment  and  retention  would  provide  a  better  indicator 
of  recruit  and  soldier  fitness — not  to  mention  a  better  measure  of  body 
composition. 


Predict  inn  Enduruiue 

Because  of  the  universal  requirement  for  soldiers  to  march  and  carry 
loads,  models  were  developed  to  predict  the  endurance  performance  of  men 
and  women.  A  multiple  regression  model  was  used  to  determine  the  rela¬ 
tive  importance  t)f  multiple  factors  suspected  of  contributing  to  weight¬ 
bearing  endurance  as  measured  by  I -mile  run  times.  For  both  men  and 
women,  the  same  10  potential  predictors  of  physical  performance  were  can¬ 
didate  variables  for  the  models:  age,  he'ght,  weight,  percent  BF.  sit-ups. 
push  ups.  total  leisure-time,  kcals  per  week,  selt-assessed  activity  level, 
level  of  sports  participation,  and  aerobic  intensity  of  usual  leisure-time  ac¬ 
tivities.  Four  variables  contiibuted  to  the  final  model  for  men.  and  five 
variahle>.  contributed  to  the  final  model  for  women. 

In  the  men's  endurance  prediction  model,  percent  BF  stepped  into  the 
equation  second — explaining  I  1  percent  of  the  variance  in  run  times — be¬ 
hind  ^it-ups.  whi^h  explained  19  percent  of  the  variance.  For  the  w'omen's 
riiodel.  percent  BF  stepped  into  the  equation  fourth — behind  self-assessed 
activitv.  height,  and  sit-ups — explaining  only  3  percent  of  the  variance  in 
the  run  times  of  women  trainees.  Activity  level  was  important  in  both 
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models  and  explained  more  of  the  variance  in  endurance  ( 15  percent)  among 
women  than  any  other  variable. 

Results  of  this  modeling  suggest  several  things.  First  the  regression 
models  coupled  with  the  lower  correlations  between  percent  BF  and  run 
times  for  women  reported  above  suggest  that  percent  BF  is  not  as  good  an 
indicator  of  fitness  for  women  as  it  is  for  men.  Second,  the  models  for 
predicting  endurance  performance  suggest  that  in  addition  to  percent  BF. 
other  simple  measures — such  as  sit-ups — during  the  selection  process  might 
contribute  significantly  to  the  Army’s  ability  to  recruit  fit  soldiers.  Al¬ 
though  it  might  be  difficult  to  use  questions  on  self-assessed  activity  like 
thos.-  in  this  study  in  the  context  of  recruiting  soldiers,  it  is  clear  that  past 
act'vity  is  an  important  factor  in  the  prediction  of  fitness. 


Risks  of  In  jurs 

Previous  studies  have  reported  the  incidence  of  musculoskeletal  com¬ 
plaints  ranging  from  42  to  54  percent  for  women  Army  trainees  and  23  to 
2('  percent  for  men  (Bensel  and  Kish,  1983;  Jones.  1983:  Kowal.  1980). 
The  cumulative  incidence  of  injuries  among  trainees  in  this  study  was  51 
percent  for  women  and  27  percent  for  men.  and  the  data  here  suggest  that 
risks  of  injury  have  been  relatively  stable  over  almost  a  decade. 


Assoc  union  Betw  een  Bods  Composition  and  Risk  of  Injurs 

Few  studies  have  examined  the  association  of  percent  BF  and  BMI  with 
the  risk  of  training-related  injuries,  and  no  studies  have  systematically  looked 
at  the  relationship  of  BF  and  weight-bearing  training  injuries.  A  few  stud¬ 
ies  of  runners  have  examined  the  relationship  of  BMI  to  injuries  (Blair  et 
al..  1987;  Macera  et  al.,  I989h;  Marti  el  al.,  1988).  No  association  between 
BMI  and  injury  was  reported  for  men  or  women  runners  in  a  study  by 
Macera  et  al.  ( 1989b).  while  Blair  et  al.  ( 1987)  reported  a  slight  but  signifi¬ 
cant  positive  correlation  (/■  =  .1)  between  BMI  and  risk  of  injury  among 
runners.  More  consistent  with  the  findings  here  is  Marti  et  al.'s  (1988) 
report  of  a  bimodal  distribution  of  injuries  among  men  runners,  in  which  the 
groups  with  the  highest  and  lowest  BMIs  in  a  population  of  distance  runners 
suffered  the  highest  incidence  of  injuries.  Macera  et  al.  (1989a)  in  a  pro¬ 
spective  study  of  exercising  adults  reported  that  a  high  BMI  at  baseline  was 
a  risk  factor  for  men  but  not  for  women. 

During  this  study  in  1984  it  was  felt  that  the  relationships  between 
percent  BF  or  BMI  and  risk  of  injury  both  might  he  bimodal.  The  hypothe¬ 
sis  was  that  men  and  women  of  more  “average”  BF.  those  in  the  middle 
griMips.  would  be  at  lower  risk  of  injury  than  thtise  at  the  high  and  low 
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extremes,  F-or  this  reason,  the  middle  quariiles  and  quintiles  of  body  fat  and 
BMI  were  ehosen  as  the  referent  level  for  contrasting  risks. 

It  now  appears,  at  least  among  this  sample  of  men  and  women  Army 
trainees,  that  the  patterns  of  risk  are  different  for  men  and  women.  The 
univariate  analysis  suggests  that  the  men  trainees  with  the  highest  percent¬ 
ages  of  BF"  are  at  greatest  risk  of  injury.  Certainly  this  was  true  in  19S8 
when  the  men  trainees  in  the  highest  quintile  of  BF  were  at  1.5  times 
greater  risk  than  the  lower  ones.  In  contrast,  it  appears  that  women  with  the 
lowest  percentages  of  BF-  are  at  greater  risk  than  those  of  average  percent 
BF  as  seen  in  1988,  w  hen  the  women  with  the  lowest  body  fats  were  at  1,3 
times  greater  risk  titan  those  women  in  the  middle. 

With  BMI.  the  distribution  of  risk  of  injury  appears  to  be  bimodai. 
FFowever.  the  onlv  significant  association  for  men  occurred  in  1984  when 
the  trainees  with  the  highest  BMI  were  at  2.1  times  greater  risk  of  injury 
than  those  ol  average  BMI.  For  women,  the  only  significant  associations 
occurred  in  1988.  At  that  time,  women  with  both  the  highest  and  lowest 
If  Ml  were  at  1.5  and  1.6  times  greater  risk,  respectively,  than  the  more 
"average"  referent  group. 

.Assuming  that  this  observation  is  correct — that  the  fattest  and  highest 
BMI  men  and  the  leanest  and  lowc'^t  BMI  women  represent  the  tails  of  the 
distribution  of  BF  at  greatest  risk  of  injury — then  a  plausible  explanation 
for  these  findings  is  necessary.  It  may  be  that  the  men  trainees  with  the 
highest  BF  were  at  greater  risk  than  their  peers  because  they  were  carrying 
so  much  extra  weight  as  fat — fat  that  would  not  only  contribute  to  greater 
fatigue  at  any  given  level  of  weight-bearing  performance,  but  also  would 
impose  an  additional  stress  on  the  musculoskeletal  system.  Paradoxically,  it 
may  be  that  the  least  fat  wotnen  trainees  were  at  greater  risk  for  the  converse 
reason:  too  little  lean  body  mass.  Perhaps  women  with  low  percentages  of 
BF  who  are  still  relatively  fat  compared  to  men  may  not  have  enough  lean 
body  mass  to  support  their  total  body  weight  without  undue  stress. 

In  any  case,  distinct  and  consistent  patterns  of  relationship  between 
percent  BF  or  BMI  and  risk  of  injury  are  not  evident.  Some  of  this  lack  of 
correspondence  at  least  for  percent  BF  may  be  attributable  to  different  tech¬ 
niques  of  measurement  used  in  1984  and  1988;  skinfolds  versus  circumfer¬ 
ences,  respectively.  Also,  the  apparently  different  pattern  of  association 
between  BF  and  injury  for  men  and  women  in  this  study  may  hypothetically 
be  due  to  the  fact  that  the  Army  height-weight  .selection  standards  artificial¬ 
ly  truncate  the  distribution  of  percent  BF  among  women  trainees.  The 
height-weight  standards  effectively  exclude  30  percent  nf  eligible  women 
but  only  5  percent  of  men  (Friedlet  al..  1989).  Regardless  of  what  accounts 
for  the  differences  between  men  and  women,  the  current  upper  limits  of 
height-weight  are  not  effectively  excluding  the  women  at  greatest  risk  of 
injury. 


/j()/n  <  iiurosmow  p/iysi(  \i.  i-riwtss.  am)  isjury 


IW 


A.ssih  uniDii  of  Fhwsii  til  Uliicss  with  Risk  of  Injury 

1  he  association  between  physical  fitness  and  risk  of  injury  in  this  study 
is  more  consistent  for  both  men  and  women  than  the  association  with  BF. 
In  fact,  as  the  stratified  and  logistic  regression  analyses  suggest,  endurance 
or  weight-hearing  fitness  was  the  factor  most  strongly  associated  with  risk 
of  injury.  Men  and  women  in  this  study  with  the  least  endurance — that  is, 
the  slowest  run  times — were  at  greatest  risk  of  injury.  The  slowest  men 
were  at  1.4  to  2.S  times  greater  risk  than  their  slower  counterparts,  and  the 
slower  women  were  at  l..f  to  1.8  times  greater  risk. 

Other  authors  have  not  reported  such  a  relationship  between  fitness  and 
injury.  In  fact,  most  report  an  increase  in  risk  of  training  injuries  for  the 
most  fit  individuals  (Blair  et  a!..  U)87;  Macera  et  al..  1989b;  Marti  et  al,. 
1988).  Blair  et  al.  (1987)  and  Marti  et  al.  (1988)  both  reported  a  positive 
association  between  high  levels  of  fitness  and  h  gh  risks  of  injury  iin  univariate 
analysis  that  disappeared  when  the  amount  of  training  (miles  run)  was  ac¬ 
counted  for  in  a  multivariate  analysis.  This  result  suggests  that  in  these 
studies  the  relationship  between  fitness  and  injury  was  ci>nfounded  by  the 
association  of  fitness  with  greater  amounts  of  training. 

.Studies  by  others  on  the  relationship  of  physical  fitness  to  injury  pri¬ 
marily  investigated  rutmers  ot  different  fitness  levels  who  ran  for  different 
numbers  ot  miles  at  various  intensities  (Blair  et  al..  1987;  Koplan  et  al.. 
1982;  Macera  et  al.,  1989b;  Marti  et  al..  1988),  In  this  study,  men  and 
women  within  companies  ( 1,'iO  to  250  trainees) — and  to  some  extent  across 
c  nipanies — ran,  marched,  and  exercised  similar  amounts  and  ;it  similar 
intensities,  intensities  that  were  ('ictttted  by  the  group  and  Army  policy 
rather  than  individual  predilections.  Thus  (his  study  provided  controls  for 
ctnildunding  due  to  varied  volume  and  intensity  of  trtiining,  which  other 
studies  have  not. 

It  is  not  surprising  that  a  measure  of  weight  bearing  fitness  is  associat¬ 
ed  with  injury  among  Army  trainees.  The  single  most  common  physical 
stress  during  basic  training  results  from  weight-bearing  physical  training,  a 
stress  that  is  secondary  to  running,  drill  and  ceremonv,  marching  to  and 
from  training  sites,  and  roail  maiching  with  loads.  Flven  when  not  training, 
weight-bearing  musculoskeletal  stress  is  unavoidable.  Walking  is  usually 
the  only  mode  of  transportation  to  and  from  the  mess  hall  and  other  sites 
during  available  leisure  time.  le  more  aerobically  tit  trainees  arc  under 
less  physiological  stress  at  any  given  activity  level  and  may  also  have  more 
prior  exposure  to  musculoskeletal  stress  thus  decreasing  their  risk  of  injury. 
Whatever  the  underlying  reason,  the  data  here  suggest  that  a  measure  of 
endurance  fitness  might  provide  additional  information  to  assist  in  identify 
mg  mjury-prone  Army  volunteers. 
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Asmh  unio/i  dj  Physical  Adivilx  amt  Risk  af  Injury 

It  IS  well  known  that  higher  volumes  (amounts)  ol  training  are  associat¬ 
ed  with  higher  risks  of  injuries  among  runners  (Koplan  et  al..  I9K5;  Powell 
et  al  .  1986).  But  data  from  this  study  demonstrate  that  risks  of  injuries 
among  men  trainees  at  Fort  Jaekson  in  1984  decreased  in  a  stepwise  fashion 
as  self-reported  levels  of  prior  physical  activity  increased,  and  sedentary 
men  trainees  were  more  than  twice  as  likely  to  suffer  training  injuries.  This 
tiniling  is  similar  to  that  from  a  study  of  marine  recruits  (Gardner  et  al.. 
1488)  in  which  a  highly  significant  trend  was  observed  of  decreasing  inci¬ 
dence  of  stress  fractures  with  increasing  self-reported  activiiy  levels.  These 
data  suggest  that  for  men  recruits  higher  prior  physical  activity  levels  may 
protect  against  current  injury  when  they  are  engtiged  in  a  uniform  training 
prograiti,  and  are  performing  the  same  amounts  of  exercise  as  individuals 
with  less  prior  exposure  to  the  stress  of  vigorous  physical  activity.  Other 
studies  have  lotted  at  runners  all  of  whom  ran  different  distances,  m  which 
case  the  "dose  "  or  volume  of  running  was  the  primary  risk  factor  (Blair  et 
al.,  1987;  Koplan  et  al..  1982;  Macer;i  el  al.,  1989b;  Marti  et  al..  1988). 

(icndcr.  Ph\sical  Fitness,  and  Risk  cf  In/tiry 

In  the  studies  reported  here,  women  were  injured  significantly  more 
often  tiian  men.  between  1.6  and  1.8  times  more  often.  This  finding  is  in 
agreement  with  those  of  previous  .Army  studies  of  basic  trainees  (Bensel 
and  Kish,  I48.V  Kowal.  1980)  hut  is  not  consistent  with  civilian  studies 
1  Koplan  et  al.,  1982;  Macera  et  al.,  19X9a.b).  The  primary  risks  during 
Army  basic  trammg  are  lower  extremity  injuries  associated  with  weight¬ 
bearing  activities  such  as  running  and  marching.  Also,  the  pattern  and 
distribution  of  these  injuries  is  similar  to  that  for  civilian  runners  and  jog¬ 
gers  (Jones  I98.G,  Despite  Oiese  apparent  similarities  of  trainee  activity 
and  injuries  to  those  of  civilian  runners  and  joggers,  civilian  studies  have 
not  found  wvimen  to  be  at  higher  risk  (Koplan  et  al..  1982;  Macera  el  al.. 
I984h.  Pow  -11  et  al,  1986), 

Powell  et  al.  t  1986)  coiwluded  that  "gender  per  se  does  not  appear  to 
be  an  imirortant  risk  fac'or  tor  injuries."  Macera  and  her  colleagues  ( 1989a, b) 
liav e  shown  m  both  civilian  runners  and  in  exercising  adults  that  gender  is 
not  a  risk  (actor  (or  iniury  Also,  Koplan  et  al.  (1982)  found  no  difterences 
111  risk  ot  running  injuries  between  men  and  women. 

Seiection  bias  could  account  lor  these  contradictory  findings  between 
militarv  and  civilian  studies.  Koplan  et  al.  (198.8)  indicated  that  civilian 
''Indies  o(  [ihys'cal  activity,  (itness.  and  related  Injury  suffer  tfom  selection 
bias,  1  hese  studies  (Koplan  el  al..  1982;  Macera  et  al,.  I989h;  Powell  et  al.. 

1 986 1  are  biased  m  that  the  populations  studied  inciiuie  only  individuals 
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who  were  til  enough  to  tolerate  routine  vigorous  training  and  had  not  quit 
due  to  injury  or  for  other  reasons.  If  women  were  actually  at  greater  risk  of 
injury,  what  would  be  expected  is  that  fewer  women  would  be  represented 
in  the  populations  studied  since  women  on  average  are  less  physically  fit 
than  men  (Tal  ie  9-1,  Vogel  et  al.,  198b).  In  fact  this  is  what  is  found.  In 
all  the  cited  studies  of  runners  (Koplan  et  al.,  1982:  Macera  et  al,,  1989b) 
and  exercise  participants  (Macera  et  al.,  1989a),  the  number  of  women  in 
the  population  examined  ere  only  16  to  percent  that  of  men. 

If  the  hypothesis  that  only  men  and  women  who  are  fit  enough  to 
survive  training  remain  in  the  population  of  routine  exercisers  is  true,  then 
we  might  expei,  that  the  injury  rates  among  men  and  women  of  the  same 
high  fitness  levels  would  be  similar.  The  results  of  the  study  of  Army 
trainees  in  1984  support  such  a  conclusion.  Although  the  crude  risks  of 
injury  were  higher  for  women,  when  risks  of  injury  were  stratified  on  run 
times  (physical  fitness),  differences  in  risk  between  women  and  men  disap¬ 
peared,  and  the  risk  ratio  appioached  I.  Also,  with  the  logistic  regression 
model,  gender  remained  the  predominant  and  only  significant  risk  factor  for 
injury  with  an  odds  ratio  of  Z..*'  ip  <  .OOO.S)  until  mile  run  time  was  entered 
as  a  potential  predictor,  w  hereupon  gender  ceased  to  even  apprtjach  signifi¬ 
cance  as  a  risk  factor.  Run  time  (aerobic  fitness)  replaced  gender  as  the 
sole  and  best  predictor  of  injury  (odds  ratio  =  p  <  .OOOl ). 

The  possible  implications  of  this  finding  are  important  for  the  Army, 
the  other  military  services,  and  possibly  civilian  exercise  enthusiasts  and 
medical  practitioners  for  two  reasons.  I'irst.  it  suggests  that  low  levels  of 
aerobic  fitness  or  some  related  factor  are  a  primary  risk  factor  for  muscu¬ 
loskeletal  injuries  associated  w  ith  military  and  possibly  other  vigorous  weight¬ 
bearing  training  activities  such  as  running.  Second,  it  indicates  that  gender 
per  se  is  not  the  major  risk  lactor  that  a  crude  analysis  of  militarv  training 
injurv  data  might  imply,  and  that  low  physical  fitness  may  be  the  underly- 
ine  predisposing  factor. 


('onclusion 

In  general,  men  enter  the  Army  with  lower  percentages  ot  Bl-  than 
women  and  are  able  to  perform  more  sit-ups  and  push-ups  and  run  faster 
than  women.  They  also  suffer  fewer  injimies  than  women  because  of  their 
relatively  higher  levels  of  endurance  amt  prrssibly  other  associatetl  factors. 

Data  from  this  study  suggest  that  measures  of  percent  Bl-  are  not  as 
good  at  predicting  physical  fitness  for  women  as  they  are  for  men.  hor  both 
men  and  women,  physical  fitness  as  measured  by  even  simple  techniques 
such  as  sit-ups  in  combination  with  Bb  is  a  better  predictor  ot  other  types  ol 
filness  such  as  mile  lun  times  or  other  forms  ot  weight-bearing  endurance 
than  percent  Ffl  alone.  F  urthermore,  higher  percentages  ot  BF-  tor  men  are 
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associated  with  increased  risk  of  injury,  but  for  women  they  are  not.  Phys¬ 
ical  fitness  is  a  better  predictor  of  injury  than  BF  or  gender.  Therefore,  if 
physical  fitness  and  freedom  from  injury  are  important  to  the  Army,  it 
would  make  sen  .  to  at  least  include  some  simple  measure  of  fitness  in  the 
screening  process  for  prospective  enlistees. 

Several  important  conclusions  can  be  made  from  this  study  and  also  the 
process  of  analysis.  A  few  multivariate  analyses  can  be  much  more  infor¬ 
mative  than  numerous  univariate  analyses.  Although  univariate  analyses 
are  the  foundation  of  multivariate  approaches  such  as  those  used  here,  they 
are  not  a  substitute  for  more  complex  models.  More  information  generated 
from  larger  populations  and  yielding  more  powerful  multivariate  models  is 
needed.  With  these  models,  the  Army  should  be  able  to  predict  injuries  and 
also  such  factors  as  career  success  or  discharge.  This  information  could 
provide  the  .Army  with  a  rational  foundation  from  which  to  select  and  retain 
men  and  women  who  are  most  likely  to  possess  the  combination  of  fitness, 
fatness,  and  freedom  from  injury  that  is  desired  tor  military  readiness. 
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INTRODliCTION 

Relationships  among  body  composition  and  morbidity  and  mortality  are 
complicated  by  several  factors,  including  the  accuracy  and  reliability  of 
methods  of  measuring  body  composition  and  the  effects  of  age.  gender, 
race,  genetic,  environmental  (for  example,  altitude,  climate),  and  behavioral 
(for  example,  diet,  smoking)  factors.  In  discussing  measures  of  body  com¬ 
position.  it  is  helpful  to  distinguish  criterion  from  prediction  methods,  and 
direct  measures  from  indirect  estimates.  Criterion  methods  measure  physi¬ 
cal  properties,  chemical  or  anatomical  constituents  that  are  either  direct 
measures  of  well-defined  components  (for  example,  total  body  water  from 
deuterium  dilution  space),  or  they  can  be  used  to  calculate  indirect  esti¬ 
mates  of  other  components  of  body  composition  (for  example,  percent  body 
fat  |BF|  from  total  body  water).  Prediction  methods  are  generally  based  on 
measurements  of  less  specific  aspects  of  the  body,  such  as  circumferences, 
skinfold  thicknesses,  or  bioelectric  impedance.  These  variables  must  be 
used  in  equations  that  are  calibrated  against  values  from  criterion  methods. 
In  the  selection  of  criterion  or  prediction  methods,  consideration  should  be 
given  a--  to  what  aspect  of  body  composition  is  to  be  related  to  a  disease. 

METHODS  OF  MEASURINf;  BODY  COMPOSITION 

Imderwater  weighing,  from  which  body  density  is  derived,  continues  to 
be  considered  the  "gold  standard"  among  the  indirect  criterion  methods  of 
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cstirnaling  bt)dy  cDinposition.  despite  long-standing  reeognition  ol  its  limi¬ 
tations  (Siri,  1961).  Other  indireet  criterion  methods  inelude  potassium  40 
counting,  total  body  water  from  tritium  or  deuterium  dilution,  and  total 
body  carbon  from  neutron  activation.  In  addition  to  technical  errors  of 
measurement,  which  are  considered  to  be  random,  these  methods  may  be 
subject  to  nonrandom  and/or  systematic  errors  due  to  deviations  of  individ¬ 
uals  trom  the  assumed  proportionality  values  for  body  composition  associ¬ 
ated  with  age.  gender,  race,  and  other  factors.  These  errors  can  distort  as 
well  as  attenuate  associations  with  morbidity  or  mortality  . 

in  addition  to  technical  errors  of  measurement,  methods  of  predicting 
bode  composition  also  contain  sampling  errors,  as  w-ell  as  errors  associated 
with  the  limitations  of  the  criterion  method  selected  for  calibration.  The 
most  commonly  used  prediction  methods  at  present  employ  anthropometry 
and  bioelectric  impedance.  Equations  for  predicting  fat-free  mass  (FFM) 
and  total  Bf-  using  anthropometric  and  bioelectric  variables  have  been  de¬ 
veloped  tor  young  or  middle-aged  adults,  many  of  which  may  be  appropri¬ 
ate  for  use  with  military  personnel  ( Barillas-Mury  el  al.,  I9K7;  Baumgartner 
et  al..  1989;  Chumlea  et  al.,  1988;  Flodgdon  and  Fitzgerald.  1987;  Lukaski 
et  al..  1985;  Lukaski  and  Bolonchuk.  1987;  Segal  et  al..  198,5;  Zillikeiis  and 
Conway.  1987),  However,  most  of  these  prediction  equations  have  not  been 
cross-validated  properly  to  determine  their  accuracy  when  applied  to  popu¬ 
lations  other  than  the  ones  used  in  development  (Guo  et  al..  1989). 

Methods  such  as  neutron  activation,  computed  tomography  iCT),  dual 
photon  absorptiometry  (DP.\).  and  magnetic  resonance  imaging  (MRl)  are 
invasive  or  require  cumbersome,  expensive  equipment  and  specialized  per¬ 
sonnel.  As  a  partial  result  of  these  problems,  reported  reference  data  for 
these  measures  of  body  composition  and  their  associations  w  iih  risk  factors 
are  limited.  CT  and  MRI  are  most  useful  as  methods  of  regional  body 
composition  analysis  and  are  among  the  only  methods  currently  available 
for  quantifying  amounts  of  intraabdominal  adipose  tissue  for  which  there 
may  be  considerable  risk  for  several  endocrine  and  metabolic  diseases  (Baum¬ 
gartner  et  al..  1987;  Kvist  et  al..  1986;  Larsson  et  al.,  1984).  In  contrast  to 
CT,  MRl  does  nm  involve  exposure  to  ionizing  radiation  and  is  associated 
with  little  risk.  MRl  spectroscopic  techniques  can  provide  important  infor¬ 
mation  regarding  the  chemical  composition  as  well  as  anatomical  distribu 
lion  of  muscle  and  fat. 

Photon  absorptiometry  is  an  accurate  method  of  quantifying  bone  min¬ 
eral  density  and  for  estimating  total  body  mineral  and  skeletal  mass,  Accu 
rate  estimates  of  bone  mineral  density  and  ti)tal  body  bone  mineral  are 
needed  to  adjust  equations  for  estimating  BF  from  body  density.  I'he  cur 
rent  equations  are  subject  to  systematic  errors  since  they  assume  that  bone 
density  and  the  proportion  of  FFM  that  is  bime  are  constants,  despite  e\  i 
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(IciKo  lor  their  variability  with  tactors  including  gender,  ethnicity,  and  age 
(Lohnian,  19X6).  Presently,  there  is  a  paucity  of  information  on  hone  densi¬ 
ty  tor  non-White  individuals.  DPA  has  the  capability  of  directly  estimating 
soft  tissue  composition  for  the  whole  body  or  body  segments.  The  recent 
tlevelopment  of  dual-energy  .x-ray  absorptiometry  (DEiXA)  with  whole  body 
scanning  at  relatively  low  cost  may  make  this  an  important  criterion  method 
for  bod\  compt)sition  in  the  future  (Ma/ess  et  al..  19X4). 

[  here  are  many  methods  ot  measuring  body  composition,  and  the  choice 
depends  upon  the  experimental  setting.  Briefly,  m  a  field  setting  one  is 
generallx  limited  to  anihropometry .  that  is,  skinfolds  and  circumferences, 
possibly  some  limited  d  'itometry  equipment,  body  water  estimates  de¬ 
pending  on  access  to  a  laboratory  lor  analy  sis,  and  more  recently  bioelectric 
imped. mce  All  of  these  methods  can  have  large  measurement  errors  or 
limited  specificity  depending  on  the  sample  studied.  Fc)r  example,  in  y  oung 
.idults.  the  present  gtdil  standard  ol  underwater  weighing  is  cstimtited  to 
have  al  best,  a  minimum  residual  error  of  2..‘>  percent  for  estimates  ol  per¬ 
cent  BF  iBehnke  and  Wilmore.  1974).  This  error,  tu'wever.  is  likely  to  be 
greater  in  most  settings  because  the  accuracy  of  underwater  weighing  de¬ 
pends  on  the  pertormance  ot  the  subject  ;md  the  quality  of  the  equipment. 
Ihe  use  ot  an  easily  accessible  water  lank  and  a  stable  seat  or  platform 
siispendeit  Irinn  load  cells  rather  than  spring  scales  will  improve  perfor¬ 
mance  and  accuracy  ot  underwater  weighing.  If  validated,  DF.X.A  could  he 
the  method  ot  choice  in  the  luture.  because  it  can  provide  both  regional  and 
whole  body  estimates  (d  fat.  lean  mass,  and  hone  mass  at  a  relatively  low 
cost  Bee, Rise  l)[iX.\  is  jitissive  anti  involves  very  low  exposure  to  loni/ing 
r.kiiaiion.  it  is  .ippropriate  lor  repe.iied  observations. 


\(  (  I  KA(  V  OK  MKASl  RKMENT.S 

Body  composition  can  be  measured  with  increasmglv  greater  ticcurticy 
than  m  the  past.  However,  we  are  still  hampered  by  the  way  measurement 
V. lines  .ire  convertetl  into  arnotints  i>f  hone,  muscle,  anti  tat  A  ma|t'r  ctni- 
scrii  in  tills  area  is  the  validity  ot  the  assumpiitnis  underlying  estimates  ol 
tiotly  composition,  do  dale,  most  stutlies  tit  bodv  composiiitm  liave  used 
the  simple  iwii-comp.irtment  motlel  tir  Sin's  equation  l  1961  i.  I'his  equatitm 
divitles  the  hotly  into  lat  and  FFM  on  the  basis  tif  body  density  from  under 
water  weighing  Siri's  equation  is  basetl  tin  Itie  assumptitms  that  the  tiensi 
ties  ol  fat  and  1  FM  tire  0.9  g/ml  and  I.IO  g/ml,  respectively  (Pace  and 
kalhhurn,  I  04  .Si.  I  he  density  tif  fat  vtiries  little  amting  intliv  utu.ils  across 
.ige.  but  ihe  density  ot  FFM  can  vary  substanlialK  amting  intliv  iiluals  tie 
pending  on  the  relative  prtiptirtiops  ot  its  constituents,  mtiinly  water,  pro¬ 
tein,  anti  osseous  anti  nonosseous  mineral  and  the  age  of  the  person  (l.tihm- 
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an.  1MS6).  A  variatiiin  of  plus  or  minus  0.02  g/ml  away  from  the  assumed 
v  alue  ot  1 . 10  g/ml  for  the  density  of  FFM  can  translate  into  an  error  of  plus 
or  minus  .“i  percent  BF  for  an  individual  with  a  body  density  of  1.0.^  g/ml. 
These  errors  can  be  compounded  due  to  reported  greater  variations  in  body 
water  amount  and  bone  mineral  content  among  individuals  with  differences 
in  age.  race,  and  gender,  which  affect  body  density.  .Also,  individuals  who 
are  physically  fit  tend  to  have  higher  bone  mineral  content  and  as  a  result. 
nia\  have  artificially  low  percent  BF  values;  when  calculated  using  Sin's 
equation. 


LSIN(;  A  FOL  R-COMPARTMENT  MODEL 
FOR  STI  DIES  OF  BODY  COMPOSITION 

The  problems  of  estimating  body  composition  can  be  improved  by  using  a 
four-compartment  model,  which  is  now  considered  necessary  for  studies  de¬ 
termining  body  composition.  The  equation  foi  this  model  is  as  follows: 

I/D  =  F/df  -r  //ni/dw  +  «/db  +  C. 

where  \/l)  is  the  sum  of  the  volumes  (fractions  of  weight/density)  for  fat 
(/■),  total  body  water  (IHW).  total  bone  mineral  (/?)  and  protein  plus 
small  amounts  ot  nonosseous  mineral  and  glycogen  iC). 

In  comparison  to  the  two-comparttnetit  model,  the  volume  of  ITM  is 
broken  into  three  constituents:  water,  bone  mineral,  and  protein.  Other 
nonosseous  minerals  and  carbohydrates  that  are  only  a  small  fraction  of 
FFM  (about  l  .'i  percent  in  young  adults)  are  lumped  together  with  the 
protein  fraction.  Water  is  the  largest  fraction  of  the  fat-free  body  and  is 
assumed  to  be  about  7,f  percent  of  the  fat-free  volume  m  young  adults. 
However,  studies  show  that  this  percentage  is  somewhat  higher  m  women 
and  increases  with  levels  of  ailiposity  (Noppa  et  al.,  |vfS();  Pierson  ci  .if, 
ldS2;  .Steen  et  af,  Id77.  1979).  ,\n  increase  in  the  amount  ot  water  will 
decrease  the  overall  density  of  the  FFM.  but  an  increase  in  bone  mineral 
content  will  increase  the  density.  The  fraction  of  FFM  composed  of  pro¬ 
tein,  nonosseous  mineral,  and  carbohydrate  is  assumed  to  be  relativelv  con 
slant,  but  because  of  changes  m  these  body  tissues,  such  as  an  increase  in 
connective  tissue  with  age.  and  possible  gender  and  racial  differences,  this 
assumption  may  he  questionable.  Before  this  model  can  be  applied  widelv. 
however,  it  is  necessary  to  establish  the  amount  of  dittcrence  among  gender 
and  racial  groups  that  exists  in  the  densities  of  the  body  cannpvinents.  With¬ 
out  Ihl^  information,  estimates  or  predictions  o(  bodv  composition  will  be 
siibieci  to  significant  errors  ot  unknown  magnitude  when  applied  to  uniep- 
rcseniative  s.imples.  Ihus.  our  knowledge  of  boily  composition  is  limiteil 
when  applied  to  women  or  members  of  non-White  racial  or  ethnic  groups. 
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ASSOCIATIONS  AMONIi  BODY  COMPOSITION, 

DISKASK  AND  DEATH 

Bone 

L  iitil  recently,  hone  has  been  the  largest  unknown  in  body  composition 
ilue  to  our  inability  to  quantity  it  accurately  and  noninvasively.  The  associ¬ 
ations  among  hone  and  disease  or  death  are  not  ones  that  usually  affect 
individuals  in  the  age  range  of  most  military  personnel.  With  the  use  of 
DbXA.  however,  the  potential  exists  for  identifying  young  adults  with  low 
or  tailing  amounts  of  bone  mineral  content  or  bone  density  who  are  at  risk 
tor  osteoporosis  or  Iractures  due  to  physical  stress  in  their  military  occupa¬ 
tional  specialty. 


Fat- Free  Mass 

Differences  between  individuals  in  the  quantity  and  quality  ot  KFM 
result  III  variations  in  physical  ability  and  performance.  However,  there  is 
little  or  no  intormation  that  associates  FFM  with  disease  or  death  except  for 
the  clianges  that  occur  during  weight  loss  or  in  association  with  eating 
disorilers.  With  greater  numbers  of  women  in  the  military,  the  incidence  of 
eating  disorders  aful  dieting  problems  could  be  expected  to  increase.  These 
problems  can  he  associated  w  ith  potentially  harmful  losses  of  FFM  in  some 
individuals.  Imlividuals  who  gain  FFM  or  attempt  to  lose  BF  should  be 
made  aware  that  changes  in  FFM  are  accompanied  by  concurrent  and  corre¬ 
sponding  changes  in  atlipose  tissue.  The  link  in  these  changes  may  be  due 
to  the  exiragiuiadol  aromaii/ation  of  androgens  to  estrogens  in  muscle  as 
well  as  adipose  tissue  (Segal  et  al.,  HfK7). 

Excess  .Adipose  Tissue 

The  vast  ma|oriiy  of  the  associations  among  body  compositnin  and 
morbulity  and  mortality  relate  to  excess  adipose  tissue  or  fat.  The  main 
impact  of  these  associations  tends  to  he  on  the  cardiovascular  system,  al¬ 
though  the  effects  on  an  inilividual  can  be  modified  or  compounded  by 
environmental  and  genetic  factors.  Fat  or  lipid  is  a  pervasive  component  of 
the  bod\.  but  in  regard  to  morbulity  anti  mortality,  it  can  be  viewed  more  in 
terms  of  .imounts  and  disirihuiion  ot  adipose  tissue  and  of  the  concentra¬ 
tions  of  v.inous  lipid  molecules  in  the  blootl.  High  concentrations  ot  total 
sholesierol.  triglycerides,  and  the  low -density  lipoproteins  are  significantly 
associaicti  with  the  occurrence  of  cardiovascular  disease  anti  increased  risk 
of  death  due  to  myocardial  mfarctitm  or  stroke  (Angel  and  Roncari.  1478; 
Bray.  1487;  Hubert  et  al..  148.f), 
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Adipose  tissue  is  either  subcutaneous  or  internal.  The  location  of  the 
tissue  may  be  associated  with  the  type  of  lipid  stored,  the  metabolic  activity 
of  the  tissue,  the  si/e  and  number  of  adipocytes,  its  response  to  diet  and 
age,  and  its  ease  of  measurement  (Bray,  1^)87;  Kaplan.  1989).  The  amounts 
and  distribution  of  subcutaneous  and  internal  adipose  tissue  are  related  to 
an  indie  idual’s  risk  for  cardiovascular  disease,  diabetes  mellitus,  hyperteiv 
sion,  and  some  forms  of  cancer  (Haines  et  al..  1987'.  Kaplan,  1989;  Larsson 
et  al..  1984;  Selby  et  al..  1989:  Shimokata  et  al..  1989;  Sparrow  et  al., 
1986),  Many  of  these  associations  are  confounded  by  the  effects  of  smok¬ 
ing,  diet,  levels  of  physical  activity,  and  genetic  susceptibility. 


Mcdsiiriiii;  fioJx  h\u 

The  simplest  measure  of  BF-  is  weight.  Individuals  with  above  normal 
weights  for  their  age  and  stature  tend  to  have  greater  than  normal  levels  of 
BF'  either  in  absolute  amounts  (ir  in  the  percentage  of  the  body  that  is  tai 
(percent  BF-).  These  individuals  are  considered  overweight  and  obese,  but 
there  can  also  be  individuals  who  are  tiverweight  and  not  obese  and  individ¬ 
uals  who  arc  not  overweight  but  are  obese.  Other  convenient  measures  or 
indices  of  obesity  are  weight  over  stature  squared  or  the  body  muss  index 
(BMl).  skinfold  thicknesses,  and  ratios  of  body  circumferences.  There  are 
numerous  reports  of  the  statistical  relationships  between  body  weight,  rela¬ 
tive  weight,  skinfold  thicknesses,  weight  for  stature,  or  the  BMl  and  risk  for 
cardiovascular  disease.  In  most  of  these  analyses,  the  data  have  come  from 
large  population  studies  such  as  F-'ramingham.  the  first  and  second  National 
Health  and  Nutrition  Ifxaniination  Surveys  and  several  large  insurance  in 
dustry  studies  (Donahue  e(  al..  1987;  Hubert  et  al..  198.7;  Keys.  1989;  Nescr 
et  al..  1986;  Selby  et  al.,  1989).  All  of  these  indices,  however,  do  not  ha\e 
the  same  relationships  with  risk  for  disease  or  death.  There  is  still  some 
controversy  depending  on  the  measurement  used,  on  the  person's  age.  aiul 
on  siiKiking  habits.  Those  individuals  with  extreme  levels  of  BMl  are  at 
risk,  and  those  individuals  with  significant  weight  gains  are  at  increased 
risk.  Recently,  .Segal  and  coworkers  (1987)  reported  that  weight  and  BMl 
•ire  not  as  important  for  the  individual  as  it  would  appear.  Weight  and  BMl 
.ire  useful  measures  to  describe  levels  of  obesity  indirectly  in  large  samples, 
but  for  the  indiv  idual.  (he  amount  and  distribution  of  total  BF  is  indepen¬ 
dently  related  to  cardiovascular  disease  risk  factors  (Segal  et  al..  1987  i. 


Dnlnhunun  of  HiiJ\  I  at  in  Aduhs 

Vague  (  I9.S6I  first  reported  that  in  adults  the  pattern  of  ailipose  tissue 
ilistribution  differed  by  gender  and  that  (he  masculine  distribution  was  more 
closely  related  to  endocrine  and  metabolic  iliseases.  In  the  c.irly  |6f<()s. 
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these  facts  were  noticed  again  by  Kissebah  and  coworkers  ( 1^82)  who  relat¬ 
ed  the  adipose  tissue  distribution  or  the  waist-hip  ratio  to  levels  of  cardio¬ 
vascular  risk.  This  ratio  attempts  to  describe  an  individual  with  a  large 
waist  circumference  compared  to  a  small  hip  circumference,  that  is.  the 
masculine  type,  with  the  converse  consisting  of  large  hips  to  a  small  waist, 
or  the  feminine  type.  The  masculine  type  or  centripetal  form  tends  to  be 
produced  by  large  deposits  of  internal  adipose  tissue,  while  the  feminine 
type  is  due  to  large  deposits  of  subcutaneous  adipose  tissue.  This  simple 
difference  between  internal  and  subcutaneous  adipose  tissue  deposits  is  also 
related  to  differing  levels  of  risk.  The  masculine  or  centripetal  pattern  is 
strongly  associated  w'ith  increased  glucose  intolerance  resulting  in  non-in¬ 
sulin-dependent  diabetes,  heart  disease,  hypertension,  and  stroke  and  an 
increased  risk  for  premature  mortality  (Bray,  I9K7:  Donahue  et  al.,  1987; 
Haines  et  al..  1987;  l.arsson  et  al.,  1984;  Seidell  et  al..  198.5;  Selby  et  al., 
1989),  Individuals  with  the  masculine  pattern  tend  to  have  increased  con¬ 
centrations  of  saturated  fat  within  the  internal  adipose  tissue  deposits,  high¬ 
er  triglycerides,  and  lower  high-densiiy  lipoprotein  (HDL)  cholesterol  blood 
levels  regardless  of  their  gender  (Baumgartner  et  al..  1987;  Kaplan.  1989; 
L.eclerc  et  al..  I98.T  Sedgwick  et  al..  1984;  Segal  et  al..  1987;  Wing  et  al.. 
1989),  It  has  also  been  observed  that  smokers,  even  though  they  may  be 
thin,  have  a  greater  waist-to-hip  ratio  than  do  nonsmokers  who  may  have 
higher  body  weights.  Upon  the  cessation  of  smoking,  the  body  configura¬ 
tions  of  the  smokers  tend  to  move  toward  that  of  the  feminine  pattern  with  a 
smaller  waist-to-hip  ratio  (Shimokata  et  al..  1989). 

I  he  primary  problem  with  the  use  of  the  waist-hip  ratio  has  been  in 
measuring  the  circumterences  at  accepted  locations.  .Much  of  the  literature 
is  contusing  because  someone's  waist  measurement  is  someone  else's  hip 
measurement.  II  the  ratio  is  to  be  used,  suitable  landmarks  for  the  measure¬ 
ments  need  to  be  idciitified  and  adhered  to  strenuously.  Fortunately,  the 
association  between  waist  circumference  and  internal  adipose  deposits  has 
been  confirmeil  by  computed  tomography  (Baumgartner  et  al..  1988;  Kvist 
et  al..  198b).  The  increased  availability  of  MRI  combined  with  spectro- 
graphic  analysis  will  provide  further  detail  about  the  amounts  and  chemical 
content  of  internal  adipose  tissue.  Thus,  it  appears  that  one  of  the  major 
problems  of  BF  and  disease  is  primarily  one  of  the  deposition  of  internal 
adipose  tissue.  Upper  body  centripetal,  or  masculine  type  of  adipose  tissue 
deposition  is  the  major  contributor  to  the  risk  of  overweight  or  obesity. 
With  weight  reduction,  and  corresponding  decreases  in  the  amounts  of  in¬ 
ternal  adipose  tissue,  many  of  the  risks  for  cardiovascular  disease  are  re¬ 
duced  accordingly. 

Much  of  the  work  relating  fat  patterning  and  risk  for  disease  has  in¬ 
volved  White  women.  There  are  only  a  few  studies  of  men  or  Blacks 
except  what  has  been  reported  from  the  national  health  surveys.  There  are 
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possible  ethnic  or  racial  dit't'erenccs  in  the  levels  of'  thresholds  tor  risk  or  in 
the  patterning  c't  adipose  tissue  These  dil'I'erences  are  being  explored  in 
Mexican-Arnericans  where  the  waist  hip  ratio  is  the  preferred  measure,  but 
skinfoki  thickness  ratios  may  be  significant  (Haffner  et  al..  1986.  1987; 
Reichlev  et  al..  1987).  Because  of  the  diverse  ethnic  background  of  U.S. 
militars  personnel,  the  use  of  any  single  criterion  for  risk  should  be  dis¬ 
cussed  carefully. 


.SL.VIMARV 

Body  composition  is  an  interdependent,  multifaceted  quantity.  It  is  not 
yet  possible  to  describe  and  quantify  the  tissues  in  the  body  with  consistent 
levels  of  accuracy.  It  is  hopeful  that  in  the  near  future  this  goal  will  be 
attained  in  laboratory  settings,  but  ciinicai  or  field  procedures  may  remain 
relatively  inaccurate  and  subject  dependent.  One  can.  however,  determine 
when  the  distribution  of  tissues  in  the  body’s  composition  shifts  toward  a 
greater-than-normal  level  of  fat  or  adipose  tissue.  In  an  indivuiual  with 
such  a  condition,  the  risk  for  disease  and  early  death  increases,  but  the 
magnitude  of  the  shift  relative  to  the  threshold  for  the  increased  risk  is 
affected  by  the  age.  gender,  race,  and  living  habits  of  the  individual.  Some 
of  this  change  may  be  a  normal  manifestation  of  age.  but  it  is  evident  that 
increased  amounts  of  internal  adipose  tissue  in  the  abdomen  put  one  at  the 
greatest  health  risk. 
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Critique  of  the  Military’s  Approach 
to  Body  Composition  Assessment 
and  Evaluation 

Henry  C.  Liikaski 


I  hcrc  ;iie  maii>  reasons  tor  assessment  and  evaluation  of  bod\  compr)-  ’ 

sitioM  ot  military  personnel.  One  purpose  is  to  provide  objective  standards  > 

for  recruitment  and  retention  of  personnel.  Other  purposes  include  the  ! 

matntenatice  rtf  appropriate  physictil  appearance,  optitiial  performance  un-  i 

del  combat  conditiotis  and  health.  'I'hus.  body  composiiion  assessment  and 

esaluation  are  important  ami  necessary  to  meet  the  duties  and  responsibili¬ 
ties  of  the  Armed  f  orces. 

\I’PR()A(  HKS 

< 

Because  of  the  large  numbers  of  military  personnel  that  require  body  | 

composition  assessment,  any  approach  must  acknowledge  ;md  balance  the 
factors  ol  practicality,  reliability  and  accuracy  of  measurements,  time  re¬ 
quirements.  and  skill  required  by  the  test  administratrrr.  I'hese  constraints  < 

leil  to  the  use  of  weight  for-height  tables.  Currently,  each  branch  of  the 
,\rmed  forces  uses  gender-specific  weight  for-height  tables  both  for  re- 
cruitmen  and  retention.  Interestingly,  the  target  values  are  different  for 
recruitment  and  retention,  except  for  the  U..S.  .Air  Force  (Table  I  l-l ).  Whether 
these  discrepancies  reflect  true  differences  in  requirements  for  physical  de¬ 
mands  or  historical  preceilent  is  unknown. 

II  an  iniiividual  fails  to  meet  the  weight-for-heighi  guidelines,  an  evalu¬ 
ation  of  body  composition  is  performed  by  using  either  body  circumference 
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TABLK  11-1  Weight  Standards  lor  Recruitment  and 
Retention  ot  a  7()-Inch  Man  in  the  IhS.  Armed  Services 


B»Kly  Weight  ilh) 

Reeruitiiiont  Rctenln>n  Ditlcrence 

Amu 

\.u  > 

\1.irine  (  orps 
\ir  f  I'rce 


:is 

In2 

2I.S 

l')2 

211 

l')4 

!7 

I'M 

IU2 

Jl 

SOI  R('Iv  Adapted  iroiii  (  .S.  [)eparinicn(  ( )efeiutM  1 ( • 


measurements  (AR  hOO-d,  l9Hh;  Hodgdon  and  Beckett.  19H4;Lh;  Vogel  el 
til..  IMSS;  Wright  et  al..  I‘)8I)  or  the  comhinalion  o('  skin/did  lliickncsscs 
anti  body  cireumterence  measurements  (Clark,  1976).  Each  ol'  these  anthro¬ 
pometric  approaches  relies  on  regression  equations  to  predict  percent  body 
tat  (HE).  As  shown  in  Table  11-2.  similar  variables  (neck  and  abdominal 
circumlerences)  are  found  in  the  currently  used  equations. 

I  he  estimated  percent  BE  v  alues  are  then  compared  to  BE  standards  to 
determine  whetfter  an  indivitiual  has  e.vcess  BE.  I  he  E'.S.  .Army  BE  stan- 
tlards  tire  presented  in  Table  1  1-.^.  More  stringent  Department  of  Defense 


TAHl.E  11-2  Variables  I'sed  to  Predict  Body  Composition  of  LLS. 
Military  Personnel 


StuirkO 


( k'lulor  ot 

S.imfilc  \  ariahk'b 


I  S  Air  Por(.c 
Chirk  (  1  V7f> ) 


I  S  N.u  \ 

W  ngltl  cl  a!  (  I  i 
I  S  \.iv> 

Hodgdon  .iml 
Bcckctl  1  1  i 

I  S  ,\frn> 

\  ogcl  Cl  ai  ( 


Men  I  cngilu  ot  luinicrub.  radius,  acromion,  iliac  crcsi. 

patella  and  tibia,  circundcrcnccs  ot  tlcvcd  Piccp.s, 
bircarm.  chest,  waist,  buttocks,  thigh,  and  call, 
skwd’old  thickness  at  triceps,  scapula,  supra  iliac 
crest,  and  call:  and  lat  densiiv  multiplied  by 
number  ol  limbs  measured 

Men  Neck  and  abdominal  circumlerences 


Men  Neek  and  abdominal  k  ircumlercnces.  lieight 

Women  Neek.  abdominal  and  hip  circumferences:  licight 

Men  and  Neek  and  abdominal  circumlerences:  lieight 
Women 
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I'ABI.K  11-3  MiiMiiium  Allinv.iblc  IV-tvcni  Ibuiv  1  at 
Slandards  m  ihc  I  .S.  Arnn 
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iiiiidelinos  IndicatL'  jjoals  ol  20  percent  Bl-  lor  nten  and  2b  percent  BI-  for 
wmiien  (AR  600-9,  19X6i. 


DISCISSION 

The  niilitarc  program  of  body  composition  assessment  arui  evaluation  is 
ambitious  and  very  challenging.  Any  critique  of  the  current  program  needs 
to  address  issues  :hat  are  philosophical  and  technical. 

It  Is  unclear  from  the  available  literature  whether  the  military  body 
composition  program  intends  to  estttblish  norms  and  standards  for  the  intli- 
viiiual  or  for  the  armeti  forces  as  a  whole.  With  the  current  system  of 
weight-tor-height  tables,  btnly  circumterence  measurements,  and  an  allow¬ 
able  increase  of  2  percent  BF  standards  per  decade  of  age.  it  appears  th;it 
population  assessment  methods  are  used  for  screening.  ;md  individual  stan¬ 
dards  are  used  for  evaluation.  Thus,  the  basis  lor  establishing  the  percent 
BF  norms  needs  detailed  evaminatiitn  and  probably  revision. 

W eight-lor-height  tables  have  gained  considerable  use  by  the  civilian 
American  population.  To  generate  national  weight  standards  requires  infor¬ 
mation  on  a  large  group  of  individuals.  One  approach  was  to  use  data  on 
weight  and  height  Irom  the  insurance  industry  (Society  of  Actuaries.  Id.Sd, 
IdXOa.b).  Although  these  surveys  supply  data  on  weight  and  height  for 
netirly  .x  million  people,  they  suffer  from  the  extreme  bias  of  self-selection. 
A  second  data  base  has  been  generated  by  the  National  Center  for  Health 
Statisties  (Abraham  et  al..  I9X.3).  which  developed  weight  standards  for 
f.cight  by  [dotting  the  normal  distribution  of  weight-for-height.  This  distri¬ 
bution  was  arbitrarily  divided  into  overweight  and  severely  overweight. 
Overweight  was  definetl  as  those  persons  exceeding  the  eighty-fifth  percen¬ 
tile  (d  weight  for-height  and  used  as  a  reference  the  weights  td  men  and 
women  between  20  and  29  years  of  age.  .Severely  overweight  was  consid- 
eretl  as  greater  than  the  ninetv -fifth  percentile.  The  major  drawback  of  this 
ap[iroach  is  that  the  standard  may  change  as  the  weight  vlistributum  of  the 
population  changes. 
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VVeight-tor-heiylii  staiidarils  can  also  bo  based  on  the  lowest  o\erall 
risk  to  health.  I-or  example,  the  minimal  death  rate  in  several  prospectixe 
studies  was  associated  witli  a  body  mass  index  (BMI)  ol  22  to  2.“'  kg/ni-; 
also,  the  BMI  associated  with  the  lowest  risk  ol'  death  increased  with 
age  (.Andres.  IMS.xi.  A  World  Health  Organization  (1987)  group  suggested 
that  a  BMI  range  of  20  to  20  kg/nr’  was  associated  with  a  modest  risk  ol 
mortality. 

.Another  approach  to  delming  healthy  vveights  was  taken  by  a  Canadian 
revievx  group  (Health  Promotion  FAirectorate.  |9S8i.  They  labeled  as  "good 
weights  (or  most  people"  the  body  weights  associated  with  a  B.MI  ol  20 
to  2.“^  kg/nr.  Indixiduals  with  a  BMI  of  less  than  20  kg/m-,  as  well  as 
those  with  a  BMI  ol'  2,2  to  27  kg/nC.  were  considered  to  have  an  incrcaseil 
health  risk. 

Currently  available  weightdor-height  tables  do  not  take  into  account 
ethnic  or  racial  dit'lerences.  morbidity,  and  mortality  in  the  distribution  ol 
\xeight-tor-height.  P.l’torts  are  in  progress  to  develoj)  race  s|secilic  weighi- 
lor-height  data  distributions  For  Black,  Hispanic,  ami  .Asian  Americans 
using  the  limited  data  available. 

The  bases  for  the  derivation  and  application  ot  weight-for-heighi  lables 
m  the  military  need  examination.  What  criteria  have  been  used  to  establish 
the  tables  currently  in  use'.’  If  the  ttibles  were  constructed  from  statistical 
analyses  assuming  normally  distributed  weight-for-height  data  and  by  using 
arbitrary  cutoff  points,  the  ranges  of  acceptable  weights  are  biased  by 
changes  in  the  secular  distribution  of  we.ght-for-height.  F-iirthermore.  these 
estimates  may  not  include  any  consideration  I'f  the  criteria  of  health,  ethnic ■ 
ity.  or  performance. 

rile  current  weight-for-height  standards  differ  for  recruitment  ami  re¬ 
tention.  (he  differences  are  large  (see  I'able  11-1)  and  represent  unrealistic 
goals  for  weight  loss,  imiependent  of  body  composition  change,  that  are 
attainable  during  recruit  training.  It  is  reasonable  to  suggest  that  these 
.lifferences  be  re  so  Bed. 

Any  attempt  to  revise  weight-for-height  tables  for  military  use  needs  to 
include  such  factors  as  gender,  ethnicity,  performance,  appearance,  and  health. 
Realistic  consideration  of  attainable  changes  in  body  weight  and  body 
composition  during  recruit  training  should  be  included  in  deriving  weight 
estimates  for  recruitment  and  retention  of  military  personnel. 

Fividence  from  the  military  application  of  anthropometric  approaches  to 
predict  densilometrically  determined  body  composition  variables  indicates 
that  morlels  for  predicting  percent  Bb  by  using  either  skinfolds  and  body 
circumferences  (Clark.  1976i  or  neck  and  abdominal  eircumrercnces  (Hodg 
don  and  Beckett.  iy84a.b;  Vogel  et  al..  1988)  yield  biasevl  estimates  of 
bmiy  composition.  That  is.  the  equations  ovcrpredict  body  fatness  for  the 
lean  individuals  and  underpredict  fatness  for  the  obese.  I'liis  bias  or  error 
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may  be  attributed  to  either  errors  in  the  biological  assumptions  associated 
with  the  densitometrie  and/or  anthropometric  methods,  technical  errors  of 
the  measurements  or  a  combination  of  these  two  factors. 

One  critical  issue  for  establishing  normative  standards  for  the  military 
is  ethnic  or  racial  differences  in  body  composition.  There  is  accumulating 
evidence  that  distinct  differences  exist  in  body  composition  both  within  and 
among  ethnic  groups,  and  these  observations  indicate  the  need  for  race- 
specific  standards.  To  date,  this  approach  has  not  been  adopted,  but  it 
appears  to  be  necessary  for  the  development  and  validation  of  useful  body 
composition  prediction  equations. 

The  potential  impact  of  the  problem  of  ethnic  or  racial  differences  in 
body  composition  is  magnified  by  the  use  of  inadequate  reference  and  can¬ 
didate  measurements  of  body  composition,  ("urrenily-  underwater  weighing 
or  hydrodensitometry  is  the  reference  method  used  in  body  composition 
surveys  of  military  personnel  to  develop  anthropometric  models  This  ap¬ 
proach  uses  the  two-compartment  model  to  assess  BF  content  (Lukaski. 
Id87).  Unfortunately,  bone  mineral  density  or  content  is  an  unmeasured 
variable  that  has  the  potential  to  significantly  bias  the  BF  estimate.  Bone 
mineral  density,  which  has  been  shown  to  be  greater  in  Blacks  than  in 
Caucasians  (Cohn  et  al..  1977),  greater  in  men  than  women  (Cohn  et  al.. 
1977),  and  possibly  reduced  in  Asians,  has  not  been  measured  in  any  of  the 
previous  surveys.  Using  extrapolations  from  data  on  children  (Lohman  et 
al.,  1984).  the  estimate  of  this  error  can  be  as  high  as  5  percent.  Thus, 
f.iilure  to  correct  body  density  measurements  for  individual  differences  m 
bone  mineral  density  can  result  in  overestimates  of  BF. 

With  regard  to  the  densitometrie  equipment  used  in  previous  surveys, 
investigators  should  modify  existing  apparatus  to  perform  measurements  of 
residual  lung  volume  while  the  volunteer  is  immersed  in  the  water.  It  is 
well  established  that  conditions  such  as  obesity  are  associated  with  a  signif 
icaiit  reduction  in  lung  compliance  and  reduced  pulmonary  ventilatory  ea 
paeity  (Bray  et  al,.  1977).  The  principal  ventilatory  variable  that  is  reduc'  d 
IS  the  expiratory  residual  volume,  whether  expressed  as  a  whole  n'lir.bcr 
or  as  a  fraction  of  the  vital  capacity  (Bartlett  and  Buskirk.  1983).  ’.'  cause 
this  impairment  appears  to  be  a  continuum  over  the  range  of  bo.iy  fatness 
from  lean  to  obese,  it  would  be  prudent  to  measure  residual  lung  volume 
rather  than  estimate  it  using  standard  equations  or  tables.  Failure  t.i  do  so 
may  result  in  an  overestimation  of  body  volume,  an  underestimation 
of  body  density  and  an  overestimation  of  BF  (Li'kaski,  unpublished 
observations). 

The  selection  of  appropriate  anthropometric  measurements  (body  cir¬ 
cumferences  and  bone  diameters)  and  skinfold  I'.ickness  sites  is  a  challeng¬ 
ing  process.  However,  the  availability  of  a  current  reference  manual  (Loh¬ 
man  et  al..  1988)  should  be  useful.  Nevertheless,  an  important  issue  is 
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the  biological  basis  tor  using  skinfokl  thicknesses  and  anthropometric 
measurements. 

Although  measurements  of  bone  diameters,  limb  circumferences,  and 
skinfold  thicknesses  have  been  used  to  derive  prediction  models  for  esti¬ 
mating  body  density  and  percent  BF.  this  approach  has  generally  been  limit¬ 
ed  by  population  specific  prediction  models  (Lukaski.  ldX7),  This  point 
was  recently  reinforced  by  the  findings  of  Hodgdon  and  Beckett  (IdSda.b) 
and  Vogel  et  al.  ( I^XX)  with  military  groups. 

The  limitation  of  using  skinfold  thicknesses  to  predict  BF  is  found  in 
the  basic  assumptions  of  this  approach.  It  is  generally  assumed  that  the 
subcutaneous  adipose  tissue  retlects  a  crinstant  pn'portion  of  the  total  body 
adipose  tissue  and  hence  fat.  Also,  the  sites  selected  for  measurement 
represent  the  average  thickness  of  the  adipose  tissue  and  thus  are  the  best 
predictors  of  BF.  Neither  of  these  assumptions  has  been  validated  (l.ukas- 
ki.  1487).  FTirtliermore.  the  validity  of  such  assumptions  is  dubious  because 
of  the  extremes  in  distribution  of  body  adipose  tissue  in  the  population. 

In  addition  to  the  theoretical  limitations  of  using  skirifold  thicknesses 
I.)  predict  BF.  there  also  exist  some  practical  concerns.  The  within-  and 
between-observer  v.iriability  in  determining  skinfold  thickness  can  be  great¬ 
er  than  .*i  percent  (Burkinshaw  et  al..  I47.T  Jackson  et  al..  1978).  Thus, 
trained  and  certified  specialists  are  retjuired.  In  addition,  most  prediction 
equations  based  on  skinfold  thicknesses  are  population  specific  (Fdwards. 
19.SI;  Jackson,  1984;  l.ukaski,  1987),  These  factors  limit  the  use  of  skin¬ 
fold  thickness  measurements  for  precisely  and  accurately  estimating  body 
composition  in  the  heterogeneous  military  population. 

In  contrast  to  the  interobserver  error  m  skinfold  thickness  measure¬ 
ments.  the  measurement  ot  body  circumferences  is  more  reliable  ll.ohman 
et  al.,  1988).  I  nfortunately.  this  approach  still  suffers  from  population 
specificity  m  the  development  of  prediction  equations. 

.Statistical  approaches  for  the  development  of  prediction  models  need 
some  consideration.  Using  power  analysis  to  assess  sample  si/es  for  various 
racial  groups  basetl  on  estimates  of  both  technical  errors  of  the  instrumenta¬ 
tion  and  biological  varnibility  in  the  chemical  composition  of  the  fat  free 
mass  iFFM)  would  enhance  the  probability  of  developing  valid  prediction 
equations.  Furthermore,  stepwise  multiple  regression  analysis  and  factor 
analysis  are  needed  to  describe  the  most  important  predictor  variables  m  the 
model. 

,'\n  appropriate  design  for  cross  validation  of  the  candidate  model  is 
also  needed.  It  is  necessary  to  develop  the  prediction  equation  in  one 
'•ample  and  then  to  cross-validate  it  in  an  independent  sample.  This  ap¬ 
proach  has  been  used  in  previous  cross-validation  trials  of  equations  de¬ 
rived  m  military  personnel  (Modgdon  and  Beckett,  1984a.b;  Vogel  et  al,, 
1988). 
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TABLF^  11-4  Variability  Estimates  for  Prediction  Models  and 
Cross-Validation  Trials  for  Estimation  of  Percent  Body  Fat  in  U.S. 
Military  Groups 

Standard  Error  of 

the  Estimate  (percent  body  tat) 


Sex  of 

Sdurvo 

Sample 

Model 

Validation 

HiMlgdon  anti  Rovkotl  ( l4K4a.b) 

Men 

.1..S2 

21* 

Women 

3.72 

Alb* 

\  ogcl  cl  al  1  1  1 

Men 

4.02 

3.7* 

Women 

3.60 

4.4 

*Statisticali>  significant  (/>  <  <M»5)  difference  bcivscen  predicted  and  measured 
s  alucs 


Aniithcr  statistical  analysis  that  would  be  appropriate  is  a  determination 
of  the  directional  bias  of  the  error  relative  to  the  magnitude  of  the  measured 
and  predicted  variable.  I'his  approach  for  cross-validation  of  values  whose 
accuracy  is  unknown  was  proposed  by  Bland  and  Altman  (IMK6).  It  in¬ 
volves  the  graphical  representation  of  the  re- idual  serrres  plotted  against  the 
mean  of  the  measured  and  predicted  values.  This  is  the  appropriate  statisti- 
c.il  approach  for  cross-validation  of  the  derived  model. 

The  variability  of  the  distribution  of  the  relationship  between  measured 
and  predicted  percent  BE  values  from  the  military  trials  using  neck  and 
abdominal  circumference  measurements  and  height  is  summarized  in  Table 
1  1-4.  It  is  clear  that  the  standard  errors  of  the  estimate  of  percent  BF  are 
quite  large  and  e.xceed  the  theoretical  precision  of  the  densitometric  method 
(1. oilman,  IdXl).  These  data  indicate  that  the  models  are  adequate  for 
assessments  of  percent  BF  in  population  groups  but  are  inadequate  for 
individuals. 


CONCLll.SIONS  AND  RECOMMENDATIONS 

Presently,  the  available  anthropometric  equations  for  estimating  percent 
BF  in  the  U.S.  military  are  not  valid  for  assessing  body  composition  of 
individuals.  This  conclusion  may  be  due  to  technical  errors  in  the  densito¬ 
metric  method,  differences  in  the  chemical  composition  of  the  fat-free  body, 
the  lack  of  specificity  of  the  anthropometric  measurements  used  in  the  pre¬ 
diction  model,  or  a  combination  of  these  factors. 

In  retrospect,  the  major  limitation  of  using  regression  equations  to  pre¬ 
dict  human  body  composition  is  the  reliance  on  a  mathematical  equation 
derived  in  one  group  to  predict  a  variable  in  another  individual  who  may  be 
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a  member  of  another  group.  I’his  approach  i.s  suseeptihle  to  factors  that  can 
adversely  influence  its  validity  for  estimating  body  composition  of  the  indi¬ 
vidual.  If  factors  such  as  ethnic  differences  in  the  bone  density  and  Bi- 
distribution  can  be  assessed  and  improvements  in  the  technical  measure¬ 
ment  of  the  body  can  be  made,  perhaps  an  improved  and  more  sensitive 
assessment  and  evaluation  of  body  composition  in  the  military  population 
can  be  achieved. 

These  difficulties  can  he  addressed  and  controlled  by  the  following 
recommendations. 

•  Use  current  and  technically  accurate  methods  and  equipment  for  den¬ 
sitometry  and  anthropometry. 

•  LNe  a  multicornpartmental  model  of  body  composition,  and  include 
measurements  of  bone  mineral  density  (regional  and  total  body)  to  correct 
apparent  whole  body  density  iibtained  by  underwater  weighing. 

•  LNe  appropriate  statistical  methods  to  determine  appropriate  sample 
si/es  for  model  development  and  cross-validation.  Calculations  tor  sample 
si/es  need  to  include  esii  nates  ol  technical  and  biological  variahiliiv  ol 
measurements. 

•  Use  stepwise  multiple  regression  analysis  and  factor  analysis  to  de¬ 
velop  the  prediction  model. 

•  Hstablish  the  need  or  lack  of  need  for  race-specific  prediction  miniels. 

•  Ascertain  the  validity  of  the  model  or  models  to  determine  change  in 
body  composition  after  weight  loss. 

•  Establish  practical  and  valid  criteria  for  implementing  the  tiew  model(s) 
in  the  U.S.  military  env  ironment. 
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Body  Composition  and  Performance 
in  Relation  to  Environment 

Roy  ./.  Shephard 


DKFIMTION  OF  OBFSITV 

('liniciiuiN  cornnuinly  define  obesity  ;is  a  body  mass  that  exceeds  the 
actuarial  ''ideal''  value  b\  a  specified  tmirgin  such  as  10  or  15  pounds  (5  to 
7  ke).  Howev  er,  this  is  not  an  entirely  appropriate  basis  of  assessment  tnvm 
an  ergonomic  point  of  view.  First,  the  goal  of  the  clinician  when  diagnos¬ 
ing  obesitv  is  to  detect  an  increased  vulnerability  to  chronic  disease  (Table 
12  1).  Thus,  groups  such  as  the  .Society  of  .Actuaries  ( 1050)  have  expressed 
the  mortality  from  a  variety  of  chronic  conditions  ami  diseases  as  a  percent¬ 
age  ot  the  "standard ■■  mortality  values  observed  in  subjects  of  the  same  age 
and  sex  w  ho  had  an  “ideal  "  body  mass  relative  to  their  height.  Notice  that  a 
substantial  increase  of  vulnerability  develops  only  when  there  is  a  major 
excess  of  body  mass  (and  by  inference  a  major  excess  of  boily  fat).  More¬ 
over.  loss  of  production  from  morbid  obesity  and  the  resultant  chronic  dis¬ 
orders  has  a  relatively  minor  impact  upon  the  performance  m  the  young 
adults  of  a  military  labor  torce.  In  contrast  to  the  threshold  of  fatness 
retpiired  for  a  clinical  diagnosis  of  obesity,  most  aspects  of  ('ccupational 
pertormance  tend  to  be  continuous  functions  of  body  composition.  Fdirther- 
more.  the  energy  cost  of  most  tasks  depends  not  only  on  total  body  mass, 
but  also  on  the  nature  of  this  mass  (muscle  or  fat)  aiul — if  the  person  is 
burdened  by  an  excess  of  fat  -on  its  distribution  (deep  or  superficial). 

A  possible  method  for  defining  body  fatness  is  to  compare  hydrostatic 
estimates  of  body  tat  content  with  those  observed  in  a  person  of  ideal  boilv 
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TABLK  12-1  Mortality  of  Obese  Subjects,  Classified  by 
Comlitioti  or  Disease,  and  Expressed  as  a  I’ereentage  of  Standard 
Values  for  Suhjeets  of  the  Same  Gender.  Aged  IS  to  69  years. 
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mass.  One  study  of  military  recruits  arbitrarily  set  the  upper  limit  of  ideal 
values  at  14  percent  body  fat  in  men  (Amor.  1978).  although  the  same 
author's  data  apparently  suggested  that  16.8  percent  fat  would  correspond 
with  the  upper  limn  of  the  actuarial  ideal  body  mass.  Taking  the  14  perceM 
ideal  figure  for  the  men,  and  the  18  percent  ideal  body  lat  for  the  women, 
this  would  imply  respective  ideal  fat  masses  of  10  and  11  kg  in  the  two 
genders.  Applying  the  clinical  criterion  of  obe-.ily.  those  men  with  a  .S  kg 
excess  of  fat  (the  obese)  would  have  21  percent  or  more  fat.  and  tl'.e  women 
would  have  27  percent  or  more  fa'.  .Some  .SO  percent  of  the  male  soldiers 
studied  by  Amor  (I9M)  c-ceeiled  the  actuarial  ideal  of  body  mass.  The 
proportion  of  those  who  exceeded  his  arbitrary  criterion  of  obesity  (18 
percent  ot  body  mass  in  men)  increased  with  age  (Table  12-2)  but  was 
unrelated  to  the  physical  demands  of  employment  (Table  12  3).  Those 
whom  he  classified  as  obese  nevertheless  tended  to  have  a  poor  maximal 
oxygen  transport,  particularly  if  this  was  expressed  in  ml/kg  x  niinule 
(  fable  12-4).  fhus.  for  military  purposes  an  obesity  threshold  of  18  per¬ 
cent  fat  in  iti.n  and  perhaps  24  percent  fat  in  women  seems  preterable  to 
the  clinical  criteria  of  21  percent  and  27  peicent  fat  in  the  two  genders. 

.\  second  potential  melh'  d  of  identifying  the  obese  is  to  measure  skin- 
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tabu:  12-2  Relation  of 
Chronological  Age  of  Military  Personnel 
to  Ohesity  in  the  British  Army 
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told  thicknesses,  -igain  comparing  the  actual  readings  with  the  values  ob- 
servetl  in  a  person  meeting  actuarial  standards  ol  ideal  body  mass  (Shep- 
iiard.  IPb2i.  Average  n-adings  arc  about  10  mm  in  a  male  and  14  mm  in  a 
wdiiian  of  ideal  mass.  .Assuming  that  a  double  fold  tif  the  skin  per  se 
accounts  lor  4  mm  of  the  total  skinfold  reading  (.Shephard.  1 49 1  i.  there  is  a 
superficial  layer  of  some  .‘s.40()  cm'  of  fat  in  the  ideal  man  with  a  iMHiy 
surface  of  I  .(S  m'  (4.S  kg  of  fat.  assuming  a  density  of  0.41  and  S. ()()('  cm'  of 
fat  in  the  ideal  woman  with  a  body  surface  of  1.6  nr  (7.2  kg  cif  tatl. 
.Assuming  als(i  a  .‘'0  percent  increase  ;if  subcutaneous  t:,i  in  a  person  who 
Is  clinicaily  obese,  the  climeal  threshold  of  obesity  would  be  an  average 
skinfold  reading  of  1.1  mm  in  a  man  and  |4  ntm  in  a  woman.  However,  it 
the  military  threshold  of  obesity  were  to  be  set  at  the  ideal  body  m.iss. 


T.ABLK  12-3  Relation  of  Job  Intensitv 
to  Prevalence  of  Obesity  among  Miliiar 
Personnel  in  the  British  Army 
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lABI.K  12-4  R  elation  ol  Pen,  i'litage  of  Body  I'at  to  IVTcenlaite 
ol  British  Ariitv  Persoiinei  with  Poor  Aerobic  l  itness 
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,is  proposed  h>  Amor  |I97S(,  the  ceiling  of  militarily  acceptable  skinfold 
reading  '.'.(uild  aserage  about  I  I  mm  in  a  man  and  14  mm  in  a  \coman. 

In  summary,  the  siandanls  for  judging  obesity  in  military  personnel 
should  be  more  rigorous  than  those  adopted  for  cli.iical  purposes;  both  bod\ 
fat  (limits  of  IS  percent  in  men  and  24  percent  in  women)  and  skinfold 
reatlings  (limits  of  I  I  mm  in  men  and  14  mm  in  women)  slumki  correspond 
to  those  observetl  m  ;i  person  of  idetd  body  mass. 


PKRf OKM AN(  K  IN  ( OMFORTABia;  (  laMATKS 
Physical  Performance 

Plusical  pertormance  may  be  classified  simply  into  endur;ince  activi¬ 
ties.  well  exemplified  by  proU'ogcd  marching  with  ;i  backptick.  and  lifting 
tasks  that  are  commonly  the  limiting  lactor  in  the  front-line  employment  of 
military  pc onnel  (for  example,  the  ability  to  lift  a  mass  of  4b  kg  from  the 
ground  to  a  height  of  I  10  cm:  NottrodI  and  C'elcntano.  |PS4l.  I  he  metabol¬ 
ic  load  imposed  by  any  given  task  reflects  the  sum  of  resting  metiibolism 
plus  the  energy  cost  of  the  required  activity  (.Shephard.  1074). 


'h'ldhdlisni 

Because  of  the  effects  of  body  surface  upon  heal  loss,  resting  mel.ibo- 
lism  IS  a  frower  function  of  body  mass  M  (Shephard.  I0S2): 

Vo.  -  (.W)"^'^ 

Howexer.  a  large  part  of  the  fat  cell  is  occupierl  by  melabolically  inert 
-aored  triglyceride.  4hus.  the  resting  metabolism  per  unit  ol  body  masx  is 
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greater  in  a  inuseiilar  than  in  a  lat  individual.  Obesity  also  affects  respira¬ 
tion  through  mass  loading  of  the  chest;  the  obese  person  shows  decreases  of 
lung  volume,  chest  wall,  and  lung  compliance  that  can  precipitate  a  classi¬ 
cal  Pickw  ickian  syndrome  of  hypercapnia  and  hypoxia  (Burwell  et  ah.  1956). 
In  partial  compensation  for  the  added  respiratory  work,  the  respiratory  cen¬ 
ters  ot  the  obese  individual  may  show  an  increased  sensitivity  to  hypoxia 
(Burki  and  Baker.  1984)  and  in  moderate  but  not  in  severe  obesity  there  is 
an  increased  sensitivity  to  carbon  dioxide  (Krnirgil  and  .Sobel,  197.5;  Nish- 
ibayashi  et  ah.  1 987 ). 


!■  ndmaucc  Aviivilics 

(iivoni  and  Goldman  ( 1971 )  and  Pandolf  et  al.  ( 1977)  developed  vari¬ 
ous  eejuations  for  the  prediction  of  the  energy  cost  of  marching  in  fit  young 
recruits.  In  general,  these  authors  found  that  the  metabolic  cost  is  a  linear 
function  of  body  mass  and  the  mass  of  any  backpack  that  is  being  carried. 
Thus,  a  heavier  person  will  spend  tnorc  energy  when  marching,  regardless 
of  whether  tlie  added  body  mass  is  attributable  to  muscle  or  fat.  If  the 
normal  expectation  is  that  a  7(l-kg  recruit  will  carry  .50  kg  of  equipment, 
then  a  person  who  is  10  kg  heavier  will  immediately  have  a  10  percent 
handicap  of  enduntnee  p<;rtonvancc  (Givoni  and  Goldman.  1971). 

It  the  added  burden  is  muscle,  a  heavy  person  may  show  s<vme  compen¬ 
satory  increase  m  their  absolute  maximal  oxygen  transport,  and  because  the 
active  muscles  are  stronger,  it  may  also  be  possible  for  the  individual  con¬ 
cerned  to  operate  at  close  to  their  maximal  oxygen  intake  for  a  sustained 
period,  so  that  their  endurance  performance  may  approach  that  of  a  lighter 
person.  However,  it  the  extra  body  mass  is  fat,  there  is  certainly  no  com¬ 
pensatory  ilevelopment  ot  maximal  oxygen  intake;  indeed,  oxygen  transport 
IS  olten  poorer  than  in  a  lighter  person,  so  that  endurance  performance  is  at 
least  correspondingly  limited.  In  moderate  obesity,  there  is  no  change  of 
mechanical  etTiciency.  so  that  the  oxygen  cost  of  walking  per  kg  of  hotly 
mass  is  unchanged.  However,  it  the  obesity  is  extreme,  a  combination  of 
heavier  limbs,  awkward  or  impeded  body  moventents,  and  increased  respi 
ratory  loading  may  give  rise  to  a  low  mechanical  efficiency,  with  a  further 
restriction  of  potential  performance  (Dempsey  et  al..  1966). 


I.iflim:  anil  ('arryitu; 

The  current  Canadian  military  requirement  is  that  recruits  be  able  to  lilt 
IS  kg  regularly  and  56  kg  occasionally  to  shoulder  height  (Nottrodt  and 
Celentano,  1984).  The  load  normally  lifted  is  tlnis  about  20  percent  ot  bodv 
mass,  and  if  objects  are  to  be  picked  up  trom  the  ground,  the  resultant 
displacement  of  body  mass  is  a  major  fraction  of  the  overall  task.  Brown 
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(1966)  suggested  that  the  oxygen  cost  of  most  occupational  tasks  could  be 
described  by  an  equation  of  the  type 

=  A  +  B(M}" 

where  A  and  B  are  constants,  and  M  is  body  mass  raised  to  an  exponent  n 
that  varied  from  0.7.6  to  1.0.  Godin  and  Shephard  (197.7)  suggested  that 
there  might  be  merit  in  a  three-term  equation  of  the  type: 

=  A  a-  B(,W)"  a-  C(,W)" 

where  A,  B,  and  C  are  constants,  M  is  body  mass,  and  n  is  an  exponent 
varying  from  0.1  to  0.2  in  very  light  arm  work  to  near  1.0  in  heavy  physical 
tasks  involving  displacement  of  much  of  the  body  mass.  7'he  second  term 
in  this  last  equation  distinguishes  the  influence  of  body  mass  on  resting 
metabolism,  a  particular  advantage  in  situations  where  a  heavy,  muscular 
person  is  performing  relatively  light  industrial  work. 

,-\nother  consideration  is  that  the  obese  person  is  often  characterized  by 
insulin  resistance  and  difficulty  in  mobilizing  fatty  acids  (Pacy  et  al..  1986; 
Scheen  et  al..  198,7),  If  an  endurance  task  must  be  sustained  for  a  long 
period,  the  function  of  such  an  individual  may  be  impaired  by  a  depletion  of 
glycogen  reserves. 

With  a  lifting  task,  the  factor  limiting  performance  is  usually  muscular 
strength  rather  than  maximal  oxygen  intake;  thus,  if  body  mass  is  increased, 
it  becomes  critical  whether  the  added  load  is  due  to  muscle  that  can  provide 
a  compensating  increase  of  strength  or  to  fat,  which  merely  increases  the 
overall  mass  of  the  system. 


Vnderwater  Aclivilv 

Underwater  activity  is  a  special  case  where  it  is  an  advantage  to  be 
somewhat  obese,  both  from  the  viewpoint  of  thermal  insulation  and  also 
because  of  the  resultant  increase  in  buoyancy.  Heavy,  muscular  individuals 
often  have  substantial  difficulty  swimming  over  long  distances,  because 
they  must  exert  much  greater  effort  to  remain  afloat,  and  a  less  horizontal 
leg  position  also  decreases  the  mechanical  efficiency  of  their  swimming 
(Shephard  et  al.,  197,7).  However,  the  person  who  lacks  a  normal  amount  of 
body  fat  can  compensate  for  this  handicap  by  keeping  the  lungs  relatively 
well  filled  with  air  while  swimming. 


Si:c  Frnhlcms 

A  final  consideration  is  that  many  military  work  stations,  such  as  air¬ 
craft  cockpits,  tanks,  or  submarines,  have  limited  space  for  the  human  oper- 
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ator.  A  grossly  obese  person  may  be  handicapped  when  working  in  such  a 
situation  because  body  si/e  exceeds  the  available  clearances. 


Poor  Health 

Minor  sickness  and  absenteeism  are  common  sources  of  poor  perfor¬ 
mance  in  all  kinds  of  occupation.  Among  government  employees.  10  of 
220  working  days  are  commonly  lost  through  absenteeism  each  year,  and  an 
unpredictable  need  for  well-trained  replacements  adds  some  S  percent  to 
payroll  costs  (Shephard,  I9H6).  Given  the  well-recogni/ed  actuarial  associ¬ 
ation  between  obesity,  chronic  disease,  and  premature  death,  possible  rela¬ 
tionships  between  obesity,  absenteeism  and  increased  illness  should  be  ex¬ 
amined  in  military  personnel. 

Bardsley  (1978)  has  commented  on  a  substantial  cost  to  the  armed 
services  from  “diseases  of  choice,"  where  risk  is  influenced  by  lifestyle — 
conditions  such  as  myocardial  infarction,  bronchitis,  emphysema  and  alco¬ 
holism  (Table  12-5).  .As  shown  ii>  this  table,  in  197.T  the  Canadian  forces 
expended  S5.9M  for  replacement  of  the  dead.  .S5.SM  for  replacement  of  the 
released.  S12.4M  for  those  who  were  hospitalized,  and  $I.5.M  for  those 
w  ho  were  on  sick  leave  due  to  "diseases  of  choice."  However,  much  of  this 
expense  is  related  to  the  adverse  health  effects  of  smoking  and  alcohol 
abuse  rather  than  to  the  adverse  consequences  of  obesity  ;  a  substantial  ex¬ 
cess  body  mass  (20  to  .^0  kg)  is  needed  for  an  appreciable  increase  of 
morbidity  from  back  problems  and  of  deaths  from  such  diseases  as  coronary 
atherttsclerosis  and  diabetes  (Society  of  Actuaries.  1959).  Moreover,  the 
economic  impact  of  obesity -related  morbidity  and  mortality  would  be  great¬ 
est  in  older  members  of  the  labor  force,  after  the  normal  time  of  retirement 


TABLK  12-5  Estimated  Monetary  Costs 
Incurred  by  the  Canadian  Forces  in  1973  ( 1973 
Canadian  dollars)  Due  to  Diseases  .Associated 
with  Choice  of  an  Adverse  Personal  Lifestyle 
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troni  the  armed  services.  F-'inally.  many  ot  the  absences  f'rum  work  amoni: 
younger  individuals  are  attributable  to  causes  other  than  organic  disease, 
and  such  personnel  wciuld  be  unlikely  to  respond  to  the  correction  of  obesi¬ 
ty  or  indeed  to  any  other  form  of  medical  treatment  (Williamson  and  Van 
NieuvvenhuiJ/en.  1474).  While  there  remains  scope  for  more  detailed  anal¬ 
yses  of  the  economic  impact  of  "'diseases  of  choice,"  at  first  inspection  it 
thus  seems  much  more  important  to  correct  smoking  and  an  excessive  con¬ 
sumption  of  alcohol  than  to  attempt  a  reduction  of  body  fat  in  military 
personnel. 


OTHER  IMPLICATIONS  OF  OBESITY 

Image  is  an  important  aspect  ol  effectiveness  in  many  organi/ations, 
including  the  armed  services  (Shephard.  1486).  Obese  personnel  do  not  fit 
the  public  image  of  a  soldier,  and  it  seems  logical  that  Ibr  this  reason  they 
will  weaken  the  military  effectiveness  of  a  unit,  although  there  has  been  no 
experimental  examitiatioti  of  this  point. 

Baun  et  al.  (I486)  have  further  commented  on  an  association  between 
achievement  orientation  and  personal  fitness.  By  selecting  personnel  who 
meet  specified  standtirds  of  body  composition  and  physical  fitness,  a  unit 
may  be  enriched  by  the  recruitment  of  premium  personnel. 

HOT  AND  COLD  ENV  IRONMENTS 

Beciiuse  heat  exchange  is  proportional  to  body  surface  area,  tolertince 
of  hot  and  cold  environments  may  he  inriuenced  somewhat  by  the  differenc¬ 
es  of  body  surface  area  between  a  tall,  thin  ectomorph  and  a  short,  fat 
endomorph.  Indeed,  at  one  time  anthropologists  sought  to  exphiin  the  colo- 
ni/ation  of  hot  and  cold  regions  in  terms  of  body  linearity  ,  the  so  called 
"rules"  of  Bergmann  (1847)  and  Allen  (1877).  However,  the  effects  ol 
body  form  are  at  most  of  secondary  importance  in  a  normal  working  popu¬ 
lation. 

The  main  impact  of  obesity  on  thermal  balance  comes  from  the  added 
insulation  of  subcutaneous  fat  (.Shephard.  I48.S),  although  an  incretised  con¬ 
striction  of  subcutaneous  blood  vessels  may  further  augment  the  insulation 
of  a  fat  person  (Jequier  et  al..  1474).  and  there  are  also  effects  of  body  fat 
stores  upon  cold-iiuiuced  thermogenesis.  It  has  been  shown  that  ;i  .S  kg 
accumulation  of  fat  may  add  I  ..>  mm  to  the  subcutaneous  fat  layer  of  a  man 
and  2..‘s  mm  to  that  of  a  w(im;m.  The  functional  value  of  this  thin  layer  of 
fat  can  be  gauged  from  the  importance  that  distance  swimtners  atttich  to 
covering  their  skins  with  a  few  mm  of  grease.  At  rest,  the  thermal  gradient 
across  a  lay  er  of  superficial  fat  is  only  about  0. 1  .‘'"C/mm,  but  the  insuhiting 
effect  IS  proportional  to  he;it  flux.  Thus,  when  a  person  is  working  at  10 
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times  tfio  basal  metabdlic  rate,  there  will  be  a  lO-fold  increase  o1  thermal 
gradiettt.  tn  about  1.5''C/mm  of  superficial  fat  (Pugh  et  al..  1960).  Assum¬ 
ing  an  etiergs  expetuliture  of  10  MF.T.S  (the  ratio  of  observed  to  basal 
metabolism)  and  a  uniform  pattern  of  heat  loss,  a  woman  who  had  accumu¬ 
lated  kg  of  body  fat,  with  a  resultant  2.,^  mm  increase  of  the  subcutaneous 
lat  layer,  would  have  a  subcutaneous  temperature  some  higher  than  a 

person  ot  ideal  body  composition. 

It  might  be  thought  that  a  thick  layer  of  subcutaneous  fat  would  be  an 
adsantage  wheti  adapting  to  a  very  cold  climate.  Certainly  skin  tempera¬ 
tures  drop  to  a  lower  level  in  the  obese  before  their  metabolism  is  stimulat¬ 
ed  (Wyiidham  et  al..  I46X),  perhaps  because  of  an  altered  setpoint  in  the 
hypothalamic  thermtil  regulators  (Ztdiorska-Markiew ic/  and  ,Stras/kiew iev, 
lbS7),  although  this  chatige  has  adverse  consequences  for  tnanual  dexterity  . 
Ihe  very  h>w  skintold  readings  of  traditional  Inuit  (Rennie.  P)b.V,  .Shep- 
htird,  CJ7S)  is  one  strong  argument  against  tl.e  view  that  fat  accutnulation 
has  any  great  adaptive  value  in  the  cold.  It  is  only  with  accuhurtitioti  to 
■western"  ctvili/ation  that  body  fat  has  accumulated  (Rode  tintl  Shephard. 
|dS4).  The  main  problem  of  the  tat  person  who  is  living  in  the  arctic  is  that 
the  extent  of  itisulation  cannot  be  reduced  once  physical  work  is  begun;  in 
tact,  bectiuse  ot  the  increased  heat  flux,  the  eftectiveness  ol  any  msulation 
IS  actually  mcreased  during  work.  Body  temperature  thus  rises  to  the  point 
where  sweatitig  is  itiitiateii;  this  wets  the  clothing  from  within,  hugely  de¬ 
stroying  It'  itisulation.  atul  the  itidividual  rapidly  becomes  hypothermic  wheti 
.1  rest-breiik  tiutst  he  taken.  Iti  contrast,  a  traditional  Inuit  hutitet  with  ;i 
very  thiti  layer  of  subcutaneous  fat  is  able  to  conserve  btidy  heal  by  using 
skillfully  fashioned  clothing  that  provides  up  to  I  1  CT.O'  units  of  insulation 
(Burton  and  [-(11101111,  1969). 

One  lascinating  feature  shown  by  militarv  personnel  who  have  recently 
arrived  in  the  arctic  is  an  increased  metabolism  of  fat.  Both  field  observa¬ 
tions  and  laboratory  crossover  trials  have  shown  that  a  given  aniounl  of 
activity  produces  a  tat  loss  m  the  cold  that  is  not  mirrored  m  a  warm  or 
lempeixiie  environment  (O'flarti  et  ah,  1978.  1979).  Reasotis  for  this  tat 
loss  are  still  not  entirely  clear.  Contribniing  factors  include  energy  lost  in  a 
substantia]  ketosis,  small  increases  in  the  energy  cost  of  movement  due  to 
the  weight  and  hobbling  elfeci  of  arctic  clothing,  and  a  possible  civld-in- 
duced  stimi'lation  of  resting  metabolism;  it  remains  unclear  whether  this 
last  respotisc  occurs  through  residual  brown  fat  (Huttunen  et  ah,  1981)  or 


Uk'  (  I  ()  iiiiii  u.i'>  tiriiim.ilK  iK-fmci)  as  ihe  insulation  providc<l  b\  RiiUsh  iiuloor  v.lf>iiunL’ 
it  iv  nmu  tUtiiu-tl  111  lyrnis  t»t  iho  thermal  sradioni  Irom  the  skin  to  ambient  ait  {fs  /a.  "(  i. 

ilu-  hulls  siut.Ki'  aivM  im  >  and  the  heat  loss  ikJ'houn;  therefore.  (1.0  units  =  (t.7s 
Ml  k  I  per  hoiii 
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1 ABLK  12-6  I  ilYccis  ol  a  2-nim  Increase  in 
Suhcutaneous  F'at  (a  4-mm  Increase  in 
Skintold  Readings)  on  the  Performance  of 
Physical  Work  in  the  Heal 
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S(  )l  Rf  I.  lia^ed  on  a  coin epi  of  Pugh  el  al.  i  l*^hOi 


the  initiation  of  fntile  nietiibolic  cycles  in  other  tissues.  Interestingly,  it 
seems  easier  to  produce  the  fat  loss  in  I'hese  men  than  in  those  who  are 
initially  slim  (O'Hara  et  al..  ld7K).  and  it  is  also  more  readily  developed  in 
men  than  in  wnmen  (Murray  et  al..  ldH6).  Perhaps  fat  stores  in  women  are 
more  stable,  in  order  to  meet  the  detnands  ot  pregnanev  ;md  lactation. 

Obese  subjects  have  difficulty  undertaking  vigorous  work  in  a  hot  envi¬ 
ronment.  partly  because  they  nuist  expend  more  energy  to  complete  a  given 
task  and  partly  bectiuse  insulation  is  increased  by  the  thicker  layer  of  super¬ 
ficial  fat.  One  potential  method  of  restoring  thermal  bakmee  m  the  obese 
[lerson  is  a  greater  relative  increase  ;  .  skin  blood  How  during  exercise. 
However,  if  blood  is  directeil  to  the  skm.  it  cannot  be  directed  elsewhere — 
to  the  working  muscle  anil  the  brain,  fhe  peak  oxygen  transport  and  peak 
power  output  are  thus  reducerl  in  the  heat,  fhe  obese  pei'on  works  more 
slowly  than  a  slimmer  peer,  or  if  pace  is  maintained,  collapse  occurs  earlier 
than  in  ;i  thin  subject  One  recent  calculation  suggested  that  with  an  initial 
thermal  gradient  ot  I'X'  from  the  body  core  to  the  environment,  the  core 
temperature  would  rise  by  an  additional  O.H  to  2.H"C'  if  a  person  with  an 
additional  2  mtn  of  subcutaneous  fat  undertook  industrial  work  i.Shephard. 
ldS7;  fable  12  b);  conversely,  if  the  rise  of  core  temperature  were  to  be 
avoided  by  a  shiwer  rate  of  working,  it  would  be  necessary  to  reduce  the 
work-rate  by  1  I  to  2S  percent. 

( OM  I.l  SION.S  AM)  RKCOMMKNDATIONS 

In  young  adults  who  make  up  the  hulk  of  military  personnel,  the  main 
argument  lor  controlling  the  burden  c'f  body  fat  is  a  deterioration  of  phvsi 
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cal  performance  rather  than  the  risk  of  morbid  conditions.  Deterioration  of 
function  in  a  temperate  environment  is  almost  directly  proportional  to  ex¬ 
cess  fat  mass,  without  evidence  of  a  threshold.  If  is  thus  recommended  that 
the  target  body  fat  percentage  .set  for  military  personnel  correspond  to  their 
actuarial  ideal  of  body  mass.  The  adverse  effect  of  body  fat  upon  perfor¬ 
mance  is  exacerbated  when  personnel  must  operate  in  a  hot  climate,  but  a 
modest  excess  of  fat  may  contribute  to  buoyancy  and  insulation  when  work 
ing  in  cold  water. 
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Sex  Differences  and  Ethnic/Racial 
Differences  in  Body  Size  and 
Body  Composition 


Sianicv  M  (lam 


SK\  I)1HKRKN(  KS  IN  BODY  SIZK 
AM)  BODY  ( OMPOSmON 

At  .ill  aiti-'s,  Ironi  the  lir^'t  tiimcslor  ihrouith  the  tenth  liecade.  the  man 
the  larger  ol  the  tvMi  ehromosinnal  seves.  heing  longer  and  hea\ier  and  with 
a  larger  le.in  boiK  weight  il.BWi.  liven  during  ehildhood.  when  boys  and 
girls  are  most  .dike  dimensionally,  the  ehromosonial  N't'  is  eonsiderablv 
l.irger  than  the  ehromosotnal  W  of  (he  same  physiologic  (or  skeletal)  age. 
Bee.iuse  there  is  some  increase  in  stature  even  alter  age  20  and  some  gain  m 
the  LBW  througli  the  midtwenties,  the  lull  evpression  ot  sex  dilterenees  in 
tlimensions  and  l.BW  is  not  evident  until  l.iie.  Vhere  are  also  sex  ditlerene- 
es  in  lai  weight  (l  \k  ).  although  the  woman  is  not  necessarily  fatter,  either 
in  absolute  terms  tlAk  )  or  even  as  a  percentage  of  body  weight  t percent  fat 
l  |i.  as  so  commonly  believeii. 

In  adulthoiKl.  the  man  is  generally  taller,  by  about  6  or  7  percent  across 
the  socioeconomic  t.Sli.S)  range  and  in  different  genetic  populations,  d'his 
stature  excess  is  disproportionately  expressed  in  the  appendicular  skeleton,  a 
tacior  of  consiilerable  importance  to  vehicular  design  and  to  the  design  and 
operation  of  eejuipment  and  firearms  and  the  location  of  controls.  In  adult 
hood,  the  man  generally  has  a  larger  LBW  by  a  ratio  ot  approximately  .L2  (for 
example,  bl  kg  or  so  versus  42  kg  or  so).  This  sex  difference  m  l.BW  is 
reflected  in  the  sex  ditterence  in  basal  energy  requirements,  in  the  caloric 
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I’ABI-K  13-1  Dislributiims  of  Stature,  Weight,  Fat  Weight,  and  Lean 
Body  Weight  in  3(1-  to-,3d-year-oid  Tecumseh,  Michigan  Men  and  Women 
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allowance',  set  h\  the  Food  and  Nutrition  Board's  (F'NB)  Committee  on  Di¬ 
etary  Allowances  (the  Recommended  Dietary  Allowances--  the  RDAs)  and 
m  c.iloric  mt.ikes  actually  reporteil  in  major  nutritional  surveys  (Ten-State, 
Nil  ANTS  I  and  II.  the  Tecumseh  Community  Health  Survey,  and  so  on). 

(here  is,  of  course,  an  overlap  between  the  two  se.xes'  in  body  si/c, 
I  BVv  .  FW.  and  also  in  skeletal  weight  (which  will  be  discusseil  later).  For 

I  rhe  ills,  iissinriN  ih.if  lolitMA  .  aKo  see  f  igures  M  j  (hnnigh  M  in  Hi .  v.  haplcr  appendo^ . 
-khh  '•  Mphualls  present  (he  sexual  overlap  lor  Hntlv  and  skeletal  weiphl  and  si/e  vanahles  in 
n»t  II  .in  !  w  men  aeed  IH  vear'.  from  the  lecumseli  t  ominiimtv  ffeallh  Survev 
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TABLL  13-2  Distrihutions  ol  Bone  Area,  f'oriica)  Area,  and  Skdeial 
Weight  in  ,^()-to  3M-\ ear-old  Teeumseh,  Miehigan  Men  and  Women 
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y.eiehi  and  FW.  the  overlap  is  eonsiderable  (see  1  ahlcs  1  .V  I  and  13-2):  ihe 
overlap  area  is  ot  importance  to  military  planning  and  materiel  laiitts  Irom 
several  points  ot  view.  Moreover  the  acluai  or  operational  overlap  may  be 
greater  or  les>  depending  on  reeruitnienl  standards,  sell -selection  ol  volun 
tcers.  and  seleclive  dropout  rates.  It  women  who  volunteer  tor  service  are 
sell  selected  lor  greater  stature  or  lor  a  larger  LBW.  as  is  likely,  or  it 
tr.iimnL'  (iroerams  and  the  service  academies  further  select,  then  the  women 
m  service  will  exceed  their  total-population  (civilian)  counterparts  m  body 
si/e  and  robust  build.  At  the  same  lime,  entry  standards,  selt-selection.  and 
.iiirilion  durine  basic  training  may  also  exclude  the  smaller  and  less-mus 
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cicd  men,  tncrL'h\  (.Iccrcasiiie  the  dimensional  and  pomleral  overla|/  beiv\een 
the  sexes. 

l  urlhermore.  there  is  the  qiiesoon  (whielt  cannot  be  preperls  atisuered 
here!  as  to  hovx  much  basic  training  and  in-serxice  physical  training  max 
moilils.  riecrease.  oi  exert  increa'  e  sex  ihHereitccs  in  muscle  mass  ol  male 
anil  temale  xolunteers.  Both  sexes  do  gain  in  muscle  mass  during  such 
training.  There  is  a  coitmton  beliei  that  men.  with  their  lesioslerone.  gain 
disproporlionateix  more  musLie  with  training,  but  with  joint-sex  exercise 
programs  and  suitable  molixation.  women  max  gain  as  much  I.BW  propor- 
tionatelx  although  thex  max  be  liable  to  exercise-''  duced  'memtrrhea  due 
to  decreased  estrogenic  lex  els. 

.Skeletal  xxeight.  bone  si/es.  and  aiiiour.ts  ol  tissue  none  all  diTter  be 
ixxeen  the  sexes  exen  more  than  LBVV  diiters.  .So,  the  calcium  content  ol 
the  male  skeleton  apitrox imates  1.000  g  as  lompared  with  perhaps  7.S0  g  loi 
the  temale  skeleion,  and  the  skeletal  xxeight  ratio  is  then  on  the  order  ol  k:.', 
.Moreoxer  the  "oxerlap"  m  skeletal  si/e  or  skeletal  xxeight  max  be  well 
under  ,k0  percent  isee  I’able  l,k~2).  With  smaller  skeletons,  less  li'  sue  bone, 
smaller  bone  xxulihs,  .,nd  smaller  cortical  bone  area  (('.At  lai^  might  expect 
bone  Tracture  rates  to  be  higher  m  xxomen  than  in  nun.  an  expeciaoon  ol 
pi'ieiitial  importance  to  the  military  both  xxiih  respect  to  training  miiiiies 
and  to  xehicular  vucidents  lioxxexxr  in  actual  experte'icc.  cixilian  tracture 
rales  arc  higher  tor  men  than  lor  xxomen  m  the  age  range  ol  20  to  40  xears. 
Onix  alter  the  tilth  dectide  does  the  tracture  rate  m  xxomen  begin  to  exceed 
the  tracture  rate  in  men. 

Whx  men  under  4.S  xe<irs  ol  age  Tracinre  more  and  xxomen  aged  20  to 
!.■'  tracture  less  is  not  known,  although  men  are  more  ol'ien  engaged  m  high 
risk  construction  occupations,  and  they  are  more  accident  prone  when  thex 
drixe  (and  thex  do  drixe  more  milesi,  lloxxexei,  the  smaller  b.ines  ol  xoung 
■idult  women  do  not  necessarilx  result  in  a  higher  tractuie  rate  m  eixilian 
lile  Again,  the  oxerlap  in  bone  si/e  and  bone  tirea  oetxxeen  men  and 
xxomen  imisi  be  lonsKlered  as  shovxn  in  Table  l.k  2,  What  the  .iciual  os 
seous  oxerlapi  is  m  enlisted  men  and  women  and  those  at  noneommiss;oned 
ottieer  and  oTtieer  ranks  remains  to  be  asccilameiT  .\lso  to  be  aseertained 
is  ihe  meidence  ot  torearm  (C'olles'  and  Tarry)  traetures  in  militarx-age 
mdixidiKils  ot  both  sexes. 

The  i|uestioii  ot  sex  diTlerenees  in  lai  weight  (TVV)  and  pereent  Tat  ('il  l 
IS  eomplieated.  ;md  some  of  the  answers  .ire  surprising.  That  xxomen  gencr- 
.illx  do  haxe  ;i  thicker  pannieulus  (d  outer  Tat  is  well  ktiown.  hut  this  is  net 
alxxaxs  the  case;  some  women  have  less  miter  Tat  than  men  do.  W'iien  TW  is 
measured,  the  two  sexes  are  oTien  quite  similar,  a  lad  lhal  is  nol  xxel! 
.ipprecialcd  (  T.ihle  l  4-.k).  ^  et  pereeni  Tal  (hiB)  is  generallx  higher  m  wom¬ 
en  because  T\V  max  he  the  same,  but  loial  hodx  weight  (  TBW  )  is  consider- 
ablx  less  I'xen  so.  ihe  oxerlap  in  pereeni  BB  is  eoiisideiable. 
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r  \Bi  K  ( 'orii'sjKiiulcnLes  Between  Male  and 

l  emale  Percentiles  lor  Si/e  anil  Bodv  ('oniposiiion  in 
dl-to  s‘)  year-old  I  eeuniseh.  Mieliipan  Men  ;ind  Women 
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Nnj  I  Ih's  Mhio  IS  i(>  he  !Cm}  hi  :iic  lollovunL*  nKifmcf.  TJif 
I'eKCMlils'  Id!  si-jiuic  in  wdinon  td’jvspoiui'  lo  (ho  sovoiul  pcRCiUiic  in 
inon  !  1)0  oiplii)  til!h  poi\('nlilo  hw  >loiuio  m  unnion  s orrosp»n)*ls  to  iho 
thnioondi  po(\on(iU-  t*>t  .non  Nolo  ihdi  iho  Soso's  .iro  niosi  .tliko  in  tal 
■Aoiohi  lUut  skololjt  WOl'jIll 


,\s  a  coniplii  aiioii.  t'a'aess  - either  I'at  ihiekness  or  I'W  -— is  inc  erseiy 
rehited  to  education  in  women  at  .1  rate  ol’  nearly  0.5  kg  per  year  ot  eduea- 
iion.  which  suggests  that  how  tat  a  woniati  is  depends  largely  on  her  soi  io- 
eeonomic  status  It  the  military  reernits  only  women  ol  high  school  educa¬ 
tion  I  12  years  I  or  beyond,  their  laitiess  m;iy  be  lower  than  tlie  acerage.  and 
even  lower  than  that  tor  men  ol  similar  educational  level.  Moreover,  leaner 
women  may  sell  select  tor  military  service,  and  tatter  women  may  be  e\- 
cluded  trom  advancement  or  conlmiiatioi'  m  tlie  service  I  he  point  here  's 
ihiit  tile  afipropriate  level  ot  tatness  lor  service-oriented  women  ciinnot  be 
('iciudged  trom  total  population  or  nation. il  probability  I-W  distributions 
■A  turthei  point  .iboul  tatness  is  derived  trom  lami'  line  studies.  I  heie 
.ire  large  tamili.il  ditierences  in  tatness  levels.  Daughters  ot  lean  tamilies 
■ire  tar  le.mer  th.m  sons  of  obese  lamilies.  This  finding  again  opens  the 
ipiesiion  as  to  whether  women  are  necessarilv  or  inherentiv  Ititler  lhan  men 
even  though  on  the  a\ erage  -the_,  are. 

In  the  civilian  poj  ul.ition.  fat  weight  (bWi  increases  regulariv  and  Im- 

e. irlv  w  ih  .ige  .11  .1  rate  ot  approvimatelv  0.5  kg/ye;ir  in  women.  However, 
tills  .ige-related  increase  is  not  necessarilv  a  hiohigical  ''given,  occurring 

f. u  less  111  ihe  .diluent  and  somewhat  more  m  the  poor.  .So  an  age-related 
increase  m  t.itness  is  not  necessarily  the  universal  rule.  Indeed  In  some 
third  world  countries  tatness  actu.illy  i/eiici/vev  with  ;ige.  With  one  eveep 
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luMi,  line  might  cvl'ii  consider  ;i  no  iiiLiease  rule  lor  1-W  in  ilio  military  as 
being  both  dcsirtiblc  atul  praeliLal.  rite  exception  has  to  do  uith  pregnancy, 
uhcre  htghot  levels  ol  lattiess  arc  advantageous  Tor  letal  grov.th  tittd  dcvel- 
optnent  (see  belov*.  "Relevant  lipldemiologic  Aspects  of  |•attles^  and  l  it- 
ness"  I. 

i:  I  H\I(  AM)  RA(  lAl,  DIFFKRKNCKS  IN  BODY  MASS 
AM)  BOI)^  ( OMPOSITION 

Although  many  ethme  and  racial  dilfercnccs  in  si/e  and  body  cotnposi^ 
tion  have  beeti  cl.dtiied  and  some  documented,  it  is  quite  difticult  to  sepa- 
late  most  such  diflercnces  from  years  of  residence  in  the  United  States  ami 
trom  socioeconomic  status  (SHS).  Male  and  temale  immigrants  of  recent 
arrival  temi  to  he  smaller,  poorer,  and  shorter,  but  the  immigrant  women 
soon  become  taller  and  mote  otfen  obese.  Ilowexer.  both  si/c  and  bodv 

(.(imposition  change  as  ratios  of  income  to  needs  improve.  Such  dilfercnccs  t 

betvveen  immigrants  and  their  /  j  progeny  pose  problems  in  setting  miliiaiv 
standards  extictly  the  same  problems  ih;it  were  encountered  b\  the  lirst 
Committee  on  Military  ,\fithropomelry  in  I‘)I7.  That  wartime  committee 

recommended  a  lowering  ol  stature  and  weight  standards  so  that  recent  ^ 

immigrants  from  Russia  and  the  .Austro-Hungaritm  Umpire  would  not  be  , 

suh|ecle(.l  to  the  height  and  weight  staiulards  established  tor  so-called  "na-  i 

live  .Americtms". 

In  recent  years  there  has  been  much  litigation  concerning  weight  and  j 

weight-height  sttindards  for  airline  stewardesses,  oil  industry  workers,  post¬ 
al  workers,  ;ind  even  .Sears  Roehtick  shipping  clerks.  Courts  have  ruled  that  * 

military.  National  Center  for  Hetilth  Statistics  (NCHS).  and  the  Mclroptili- 

tan  Life  Table  standards  for  si/e  or  weight-lor-heighi  are  not  necesstirily 
a[ipropi’ate  for  Mexican- .Americtms,  Puerto  Ricans.  Colombians,  and  oth¬ 
ers.  Lven  people  with  extremes  of  weight-tor  height  have  been  ruled  as 

employable  as  long  as  those  individuals  can  do  their  jobs,  such  as  lilting  ^ 

SO  poun(.l  niiiil  sacks.  j 

Most  immigrants  from  Meso  Americtt,  .South  .America,  the  West  Indies, 
and  the  Philippines  and  Asia  ;ire  shorter  than  the  NCHS  norms  and  conse- 

(|uentl\  have  a  smaller  lean  body  weight  tl.BW  ).  Such  individuttls  and  their  ^ 

foreign-born  children  are  small  by  .American  military  standards  and  may  be 
.K  corded  restricted  military  duties  or  excluded  Irom  certain  classes  ol  troops. 

With  mcreased  letigth  of  stay  in  die  United  .States,  and  now  in  the  /  . 
generatioti,  these  immigrants  more  nearly  parallel  other  Americans. 

American  Blacks  (Americans  of  largely  Atrican  ancestry)  pose  an  in¬ 
triguing  problem,  for  they  tire  ttiller  as  children  ani.i  adolescents  (ages  2 
through  14)  than  are  Whites  of  comparable  age.  As  adults  they  average 
(  lose  to  the  U  S,  means,  may  be  taller  than  other  Americans  of  comparable 
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siK lOLcmuHiiR-  siatiis,  and  with  an  excess  above  the  ninety-tifth  percentile 
liiTtii--.  American  Blacks  (or  African-Americans)  also  appear  to  have  a 
slightly  higher  l.BW,  which  indicates  a  larger  muscle  mass. 

Best  documented  and  of  considerable  interest  is  the  larger  bone  mass  in 
,\frican-.Americans.  This  difference  is  apparent  in  the  fetal  condition,  dur¬ 
ing  infancs  and  childhood,  and  continuing  through  the  tenth  decade  of  life. 
I  his  larger  skeletal  mass  (larger  bone  diameters  and  large  vtdumes  of  cor¬ 
tical  hone)  ma\  be  one  factor  behind  the  lower  fracture  rates  for  adult 
Blacks  i)f  both  sexes.  However  the  larger  skeletal  ntasscs  (hone  weights 
and  tissue  hone  xolumes)  may  not  be  translatable  into  duty  assignments. 

Much  attention  has  been  given  in  the  literature  to  the  greater  fatness  of 
Black  women.  Hispanic  women.  Native  American  women,  and  so  on.  In- 
ileed.  tainess  arul  (ibesity  in  Native  American  women  have  been  attributed 
t','  piipulation-specitic  '"thrifty''  genes.  Iwivsever  liiis  greater  fatness  appears 
lo  be  more  ot  a  poverty-related  phenomenon  than  a  true  genetic  difterence. 
I’lHtr  U'hite  women  are  fatter  than  affluent  White  women,  and  fatness  de¬ 
creases  linearlv  with  both  years  of  education  and  family  income.  Fat  weight 
( I  W  I  also  ilecre<ises  with  increasing  socioeconomic  status  in  Black  women, 
fhere  mas  be  gooil  political  reasons  to  accept  higher-weight  and  fatter 
Black.  Meso- American,  and  Native  American  women  into  militttry  service. 
Inn  there  c.m  he  no  assumption  that  such  diffeiences  are  necessarily  genetic. 

.Siudics  have  also  claimed  racial  and  ethnic  differences  in  fat  place¬ 
ment.  tai  distribution,  or  fat  "patterning",  fixpressed  as  ratios  (for  example, 
tru  eps:suhsCiipular  1.  such  differences  do  exist,  but  these  ratic-s  are  mherent- 
Iv  fatness  dependent.  The  tricepsiabdominal  circumferential  ratio  is  much 
higher  in  lean  individuals  and  much  lower  in  the  obese,  so  that  some  racial 
ilifferences  in  tat  placement  may  be  no  more  than  simple  differences  in  the 
amount  of  fat  Of  course,  clothing  and  other  covering  equipment  may  be 
alfected  by  such  differences,  but  differences  in  relative  leg  length  or  h.nul 
size  or  foot  si/e  relative  to  stature  may  be  nnire  important.  For  constant 
stature,  hantl  lengths  and  foot  lengths  (or  metacarpal  lengths  and  tarsal 
lengths)  are  approximately  I  standard  deviatitm  (.SD)  hmger  in  American 
Blacks,  whatever  their  nutritional  status. 

fhere  arc  real  and  considerable  ethnic  and  racial  differences  in  body 
si/e  and  body  composition,  and  in  an  emergency  or  crisis  situation  they 
may  be  taken  into  account.  However,  many  of  these  differences  (except  the 
greater  l.BW  and  hone  weight  in  African-.Americans)  disappear  with  time, 
affluence,  and  generational  changes.  The  greater  fatness  of  low-income 
women  of  all  ancestries  is  very  real  and  bears  on  recruitment  and  enlistment 
standards,  but  it  is  not  necessarily  genetic.  How  such  differences  are  ad¬ 
dressed  involves  political  decisions,  which  may  be  discriminatory,  however 
decided.  It  is  probably  beyond  the  scope  of  this  advisory  group  to  attempt 
ethnic -specific  recommendations. 
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RKI.KVAM  KPIDKMIOIAHJIC  ,\SPK(  TS 
OF  FATNKSS  AND  FITNKSS 

[he  \.vcighl  ol  [at  (F\V)  anti  Itieretbre  the  percent  ot  iat  ('/?[•')  is  control¬ 
lable  btilh  by  caloric  restriction  and  by  increasing  energy  expenditure.  This 
tact  is  important  both  with  respect  to  field  performance  and  to  long-term 
mortalitv  atui  morbidity.  Controlling  FW  or  percent  F  affects  tield  perfor 
mance  over  the  short  term  and  tiffects  the  development  of  atherosclerosis. 
cort)n;iry  artery  disease,  diabetes,  and  liypertension  later  on. 

However,  existing  recommendations  regarding  the  ideal,  suggested,  or 
optimal  weight  of  fat  are  complicated  by  the  nonlinear  relationship  between 
FW  and  age-specific  morttility.  .At  the  upper  end  of  the  J-shaped  curve, 
both  morbitlity  and  mortalils  rise  with  increasing  levels  of  fatness.  In 
contrast,  morbidity  ;itul  mortalilv  also  increase  at  the  bottom  end  of  the 
curve,  where  diseases  of  the  respiratory  system,  incliKling  lung  cancer,  pre¬ 
dominate.  Very  lean  individuals  of  either  sex  are  clinically  anortviic  and  at 
gretitcr  long-term  risk.  Very  fat  individuals  are  also  at  greater  long-teim 
risk. 

Low  fat  weights  in  women  are  of  concern  if  they  are  associated  w  ith 
atnenorrheti.  and  prenuiture  bone  loss  is  likely  for  this  group.  Women 
athletes  may  find  such  low  fat  levels  advantageous  in  the  short  term  be¬ 
cause  It  trees  them  from  the  inconveniences  of  menstruation.  However,  the 
(nemature  onset  of  bone  loss  and  involutional  osteoporosis  in  the  e  women 
might  them  be  chtimed  as  a  service-related  disability. 

Ftirthermore.  the  ideal  level  of  fatness  associated  with  ideal  fitness  in 
women  is  tar  less  than  the  level  of  fatness  associated  with  optimal  fet.il 
growth  and  survivtil.  I'oo  lean  a  tnother  may  be  at  greater  risk  for  fetal  loss, 
premature  delivery,  low  birth  weight,  and  increased  neontital  mortality.  Because 
;i  low  prepregnuncy  weight  iPPW)  can  be  compensated  for  by  a  greater 
pregnancy  weight  gam,  this  aspect  ol  body  composition  also  merits  atten¬ 
tion  in  military  service. 

The  long-term  consequences  of  difference'  in  F'W  also  merit  consider¬ 
ation.  Because  the  Vetertins  Administration  bears  the  cost  of  diseases  asso¬ 
ciated  with  excessive  fatness,  body  composition  long  after  separation  from 
service  may  well  be  an  extended  task  of  this  conference.  Pregnancy  and 
pregnancy-associated  risks  ;irc  not  necessarily  part  of  the  assigned  mission, 
but  body  composition  is  important  during  pregnancy;  too  little  tat  is  a  risk 
factor  with  respect  to  pregnancy  outcomes,  and  insufficient  weight  or  fat 
may  be  a  life-long  risk  factor. 

Concerns  ot  the  military  in  the  past  wore  relatively  short-term,  relating 
to  the  ability  ot  draftees  and  recruits  to  perform  assigned  tasks  after  entry 
into  the  services.  Body  si/c  and  bodily  proporlivins  also  had  some  bearing 
on  the  design  of  equipment  and  on  the  number  of  sizes  to  be  stockeil. 
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Concerns  nov,  include  changes  in  body  coiiiposition  during  extended  peri- 
(uis  of  scr\  icc  -  up  to  2  decades  and  tnore — and  latness  control  to  meet 
service  standards.  Moreover,  there  are  the  long  term  implications  both  to 
scrv  ice-mduced  disabilities  and  to  the  cost  of  medical  care  long  after  sepa¬ 
ration  from  the  services.  If  the  services  are  to  be  equal-opportunity  em- 
[ilovers,  they  must  accommodate  racial  and  ethnic  differences  in  si/e  and 
bodv  composition,  including  Vietnamese  and  Hispanics  from  southern  Tex¬ 
as,  California,  and  F  lorida,  l.ooking  to  the  future,  there  are  the  costs  of 
hospitalization  and  medical  care  for  those  w  ith  excessive  fatness  and  claims 
tor  scrv  ice  induced  disabilities,  liven  the  children  of  those  now  in  the 
service  mav  seek  compensation  tor  excessive  physical  demands  on  their 
parents  or  tor  their  own  premature  birth  if  their  mothers  were  allowed  to  be 
too  lean  when  the\  were  in  utero. 
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.•Ml  tabulations  for  age  .^0  ,V)  year  old  men  and  women  were  specially 
calculated  tor  this  paper  by  Timothy  V.  I-i.  Sullivan  using  raw  data  Irom  the 
T'ecumseh,  Michigan  Community  Health  Survey,  including  radiogrammetic 
measurements  made  under  contract  .‘v.V,^K06-,‘>- 10  with  the  Human  Nutri- 
tii'u  Research  Center  on  Aging.  Graphic  representations  lor  the  40-40  year 
old  age  group  in  f-igures  1,1-1  through  1.1-0  in  the  chapter  appendix  use 
superimposed  transparencies  made  irom  computer-generated  histograms  for 
men  and  women  separately. 


APPENDIX 

I  he  following  tigures  were  generated  from  superimposed  transparen¬ 
cies  made  separately  for  men  and  women  from  computer-generated  histo¬ 
grams.  Data  from  the  Tccumseh.  Michigan  Community  Health  Survey  tor 
individuals  aged  40-40  were  used  thnnighruit  and  thus  provide  com|rarati\e 
inlormation  for  sexual  overlap  with  the  data  from  the  same  population  on 
individuals  agcti  .10-10  presented  in  Tables  1,1-1  thrviugh  I  .1-.1. 
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(>r()=  I  person.  .Mihniigh  the 
percentage  dilterenee  iit  slat- 
lire  is  small — only  7  percent  or 
so  mtile  ami  leniale  statures 
show  very  little  iHstributiotial 
overlap,  a  fad  that  has  consid¬ 
erable  hearing  on  eipiipmenl 
design,  materiel  larills.  and  piir- 
chasiiiL’  schedules. 
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PART  III 


Corrmittee  Discussion  Paper 


P  \Hi  III  coNsisis  1)1  the  preliminary  diseussion  paper  that  \^as  written 
by  one  eommittee  tnemher,  by  request  of  the  committee,  after  the 
workshop  was  held.  The  ptirpose  of  this  paper  was:  to  summarize  some  of 
the  critical  issues  tor  discussion;  to  indicate,  tor  the  committee,  scientit'ic 
areas  where  additiiinal  mbrrmalion  may  be  needed:  and  to  pose,  to  the 
cotnmittee.  specific  questions  tor  pointed  discussion  during  further  deliber¬ 
ations.  This  paper  is  included  to  provide  further  information  on  the  com- 
mitiee  deliberation  process  concerning  accession  and  retention  of  military 
personnel  as  ii  relates  to  body  composition  and  pertormance. 
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Body  Composition  Measurement: 
Accuracy,  Validity, 
and  Comparability 

.liH’l  :\  (irinki'i 


H  \(  K(;k<)1  M) 

Kcv.uisi.'  <.• 'll lit  hoiiv  I. oiiipoxii ii'ii  m.i\  \,ir\  as  ,i  liiiKlion  ol  jtoii- 
iUt.  ai'i'.  IT  i.Ttniii.  ii  v .  itu'ii  uiiiv  oi  sal  applii  ahilil)  iiociK  to  he  i  onsiiicroil 
with  I  ,',ie  (  iitreiit  iiiilitarv  siaiulard'.  iiuliulc  hoih  pi.'ni.ler  mil  aeo-spocitlc 

norm'  \re  tiu's  'iittu  tent  ’  \ie  norms  lor  olik-r  vMimen  more  rc'inclive 
than  tor  eompatable  ituTi,'  Shoiilil  norms  he  ail|usiei)  lor  raee  as  uell'.’ 
Shouiil  norms  he  haseil  not  on  loial  hoil\  eomposiiion.  hut  on  fat  ilistrihu- 
lion  patterns  '  f  inalU.  sluuikl  pertormance  rather  than  hode  eomposiiion  he 
the  ma|or  delermmant I  he  suhsiiuiiion  ot  tests  ot  health  and  phvsieal 
eapaeite  is  possihle.  sneh  as  suhmavimal  treadmill  lest  perlornianee.  hlood 
pressure  test  to  rule  out  hypertension,  spirometry  to  eheek  lime  health, 
(  yhex  to  eheek  quadrieeps  streneth.  hand  grip  dynamometer  lor  hand 
strength,  and  evaluation  ot  enduranee  via  lieid  perlormanee  or  mini  mara¬ 
thon,  Would  these  tests  provide  more  inli'rmation  than  arhitrary  standards 
based  on  ehaneine  norms  .’  How  relevant  is  phvsieal  appearanee  to  elTeetiv  e 
military  serviee.  and  how  well  eorrelated  are  arhitrary  standards  ol  both 
eomposition  with  preferred  physical  appearanee? 

ID  assess  these  questions,  it  is  necessary  to  document  a  number  ot 
laetors.  the  applicability  ot  dilTcrenl  methods  ol  assessing  body  composi¬ 
tion  can  be  compared  in  relationship  to  assumptions  ol  universal  applica¬ 
bility.  Secular,  gender,  and  age-related  dilTerenccs  in  body  composition 
and  latness  can  be  documented.  Ethnic  or  racial  differences  both  in  bodv 
composition  and  in  age-related  effects  can  also  be  documented. 
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MKTHOIXS  AND  ASSUMPTIONS 

Is  the  two-coniparlmcnt  model  (lean  body  mass  |LBM|  and  body 
lat  lBh|i  slill  useful?  Should  the  four-compartment  model  (LBIVl.  BF.  body 
v'.ater,  and  bone  mineral)  be  used?  How  well  do  multiple  anthropometric 
measures  mirror  body  composition,  body  density,  and  ethnic,  racial,  and 
age-related  differences  in  fat  distribution  or  changes  in  bone  density? 

Body  composition  can  be  measured  directly  by  chemical  analysis  of 
animal  or  human  carcasses  or  cadavers.  Indirect  measures  include  densito¬ 
metry  via  hydrostatic  weighing;  anthropometric  measures  of  skinfolds/ 
circumferences;  anil  the  more  recent  procedures  of  isotope  dilution,  neutron 
activation  analysis,  and  potassium-40  counting  (Boling  et  al..  1962;  Brozek 
and  Hcnschel.  1961;  Forbes  and  Hursh.  196,^;  Lukaski.  19H7).  However,  it 
is  important  to  realize  that  the  use  of  any  indirect  method  of  assessing 
human  body  composition  results  in  errors  of  prediction.  The  usual  errors 
range  from  2. .6  percent  for  predicting  BF  from  densitometry  to  }  to  9  per¬ 
cent  by  anthropometry  (Lohman.  19X1).  An  early  comparison  of  ultrasonic 
and  skintold  measurements  to  evaluate  subcutaneous  fat  thickness  and  to 
predict  total  BF  weight  suggested  that  skinfolds  were  the  more  effective  and 
less  costly  procedure  (Borkan  et  al.,  l9X2b). 

I'he  prevalent  use  of  anthropometric  measures  (that  is.  height,  weight, 
skinfolds  and  circumferences,  and  associated  nomograms)  is  based  on  ease 
of  application,  simplicity,  and  reasonable  correspondence  with  other  tech¬ 
niques.  .Skinfolds  of  major  interest  include  biceps,  triceps,  subscapular. 
suprailiac.  abdomen,  thigh,  and  medial  calf.  However,  systematic  errors 
can  be  introduced  if  the  differential  compressibility  of  skinfolds  with  age 
and  skmfold  thickness  are  not  controlled  (Himes  et  al.,  1979)  This  tech¬ 
nique  depends  on  two  assumptions;  that  selected  skinfold  thicknesses  are 
representative  of  the  total  subcutaneous  adipose  tissue  mass  and  that  subcu¬ 
taneous  adipose  tissue  has  a  known  relationship  with  total  BF.  However, 
the  relationships  between  skinfold  thickness  and  total  BF  reportedly  differ 
with  ethnicity,  gender,  and  age  (Chumlea  et  al.,  1984;  Durnin  and  Womers 
ley.  1974;  Jones  et  al..  1976;  Wilmore  and  Behnke,  1970;  Yuhasz,  1962) 
In  addition,  these  measurements  are  highly  susceptible  to  experimenter 
bias  or  error  leading  to  wide  variability  among  experimenters. 

Densitometry  has  generally  been  considered  the  gold  standard  or  crite¬ 
rion  against  which  other  techniques  have  been  validated  (i.ohman.  19X4, 
Roche.  19X7).  This  technique  assumes  the  two-compartment  model;  fat 
and  fat-free  mass  (FFM;  lipid-free)  (Behnke  et  al.  1942).  Fat  is  assumed  to 
have  a  constant  density  of  0,9,  although  interstitial  muscle  fat  is  slightly 
higher  (Mendez  et  al..  I960;  Morales  et  al..  194.‘i).  However,  the  density  of 
FFM  is  not  constant  (Lohman.  1986;  Roche.  1987).  Until  middle  age,  bone 
mineral  mass  and  muscle  mass  increase,  and  extracellular  tJuid  decreases 
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within  the  hFM.  In  old  age,  these  difYerenees  arc  reversed  tor  bone  inineial 
and  niusele.  I'he  density  of  F'FM  is  also  increased  with  marked  physical 
activity  due  to  the  greater  percentage  of  bone  mineral  tVIende/  and  Keys. 
1960;  Morales  et  al..  1945).  Negative  estimates  of  percent  BF  for  some 
athletes  are  probably  due  to  a  greater  density  of  F'FM  than  allowed  in  the 
usual  calculations  (Roche.  1987). 

Although  the  two-compartment  model  ha';  been  considered  adcpiate  for 
young  White  men,  it  is  not  as  useful  ft)r  different  age>,  women,  other  ethnic 
groups,  or  e\en  the  extremely  active  (l.ohman,  1986;  Pan/ktn;;.  !977'  RocF 
1987;  Womersley  et  al..  1976).  Because  of  variations  in  the  density  o*'  'he 
F'FM  the  correct  model  requires  assessment  of  total  body  wat.  r  and  .>Keletal 
mass,  in  addition  to  measurement  of  body  densitv.  Physical  training  may 
also  alter  the  fat-free  body  mass,  suggesting  that  the  new  gedd  standa.d 
include  separate  measures  of  water,  muscle,  and  bone  mineral  content.  Greater 
delineation  of  lean  body  compc'nents — that  is.  total  body  nitrogen,  total 
body  water,  pottissiurn.  anil  so  on — have  emerged.  Newer  technologies 
such  as  photon  absorptiometry  and  neutron  activation  analysis  are  among 
the  more  quantitative  means  of  measuring  mineral  content.  Yhe  technique 
of  dual-energy  x-ray  absorptiometry  (DFXA).  although  as  yet  unverified, 
holds  promise  for  its  ability  to  measure  accurately  total  body  as  well  as 
regional  bone  and  soft  tissue  composition  (Ma/ess  ct  al..  1990;  Peppier  and 
Ma/ess.  1981  ), 

Measurement  and  Definitions  in  Body  Composition 

File  a[i(ilication  ot  limits  in  allowable  body  compositii'n  in  the  military 
depends  on  several  assumptions.  The  first  and  primary  issimipiion  is  that  a 
single  iirbitrary  point  on  the  continuum  ot  body  latness  represents  a  ‘'r‘'\eis- 
ible  abnormalitv  '.  Overtatness  or  obesity  is  assumed  to  be  a  distinct  abnor¬ 
mality  that  can  be  treated  'Freatmcnls  cixisi-.i  of  \arii>us  procedures  to 
induce  "temportirs  "  weight  loss.  Another  assumption  is  that  patterns  ot  tat 
distribution  al  speeitic  ages  are  less  important  or  critical  to  overall  health 
than  Is  absolute  fatness  Also  implicit  in  the  application  ot  restrictive  age- 
s(iecific  standards  is  the  assumption  that  overweighl/obesiiy  al  all  ages  is 
equivalentiv  associated  vvith  increased  health  risks  and/or  poorer  perfor 
mance.  Delimtions  ot  overweight  and  obesity,  however,  are  population 
specific  and  subieci  to  pronounced  secular  influences.  Application  to  indi- 
viduals  mav  otfen  be  arbitrarv  or  inappropriate.  Second,  reversal  ot  over¬ 
weight  or  obesiiy  may  he  not  only  ditficidt  to  maintain  hut  may  itself  be 
correlaled  with  increased  health  risks  i  Williamson  and  l.evy.  I988|. 

t  siimates  of  the  population  prevalence  of  overweight  or  overfatness  are 
dependent  both  mi  the  criieria  and  the  measures  used  (Bray.  |987;  Garrovv. 
l9S/t:  Simopmilos  and  Van  Itallie.  1984i.  .Amone  the  most  commonly  used 
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criicna  ar.  rclaiivc  v'.cights  (adjiisk-il  lor  height  and  gender)  eoi  resp<inding 
to  speeilie  p  rceniiles  tor  a  speeilie  population,  ideal  bod\  weight,  or  hodi. 
mass  index  i  HMI:  typiealh,  weight  in  kg  per  height  in  m  l.  Or.j  eommon 
external  standaid  tor  overtatness  is  tiased  on  a  BV1I  atroxe  lit  while  a  Ire 
quenilx  emploverl  standard  ol'  ideal  hod\  vveigitt  is  based  on  t  ie  Metri.poli 
tan  late  Insnranee  mortalitx  results  i  losp,  IMS.-t],  .N  ni  inai  Center  tor  Health 
■Statistics  (NCHS)  sLirvexs  reporterl  that  2‘t  percent  ot  the  106(1-  iqp2  and  26 
percent  ot  tha  1077  I  S.  adult  population  were  r  erweighi  based  on  the 
lOSo  Metropolitan  Lite  Insurance  norms  oi  ideal  w eigl.t-tor-heighl  iNCHS. 
I '166,  10X0). 

More  liirect  measures  ot  tatness  such  as  those  derned  trom  the  sum  ol 
xarious  skintolds  ha' e  also  been  useii  m  l,>rge  population  b.ised  studic 
with  cruel  la  baserl  on  population  disirib.  lions,  \urms  are  oaseri  on  rlata 
trom  national  health  surxex  such  a^  the  National  Health  and  Niilritioii 
i  xaluation  Surxex  iMIANtcSi  1  or  II  or  data  Irotii  insuranci.  companies, 
I  he  use  ot  ixen  mnitiple  skmttikls  or  nomi'crams  based  on  skintolds  and 
c  irc  iiiiilerences  poses  scxer.  l  (iioblenis.  In  oxeiwseig'’!  ;md  obese  subiects, 
these  measui enients  sliovx  poor  reli,  •lily  ll'orhes.  1064),  Skin  thickness 
and  sKiiilold  compressibility  xary  as  a  tunction  ol  age.  site.  ;ind  gender 

I  llro/ek  and  Kin/ey.  I'tbO-  s'legg  anil  Kent.  i067;  CItirn  and  'iorman,  !''.‘'6; 

I I  lines  et  ai,,  I o.  Lee  .md  \g.  I  'tbS;  Martin  et  al..  I  OS.s;  Rui/  ei  al..  I I ; 
Millar  and  Stephens,  1  0X7  i, 

I )isi  repancies  m  ie(rorls  ol  the  presaleitce  ol  obesity  have  also  bien 
the  restili  ol  .ipjilying  dillereni  iriieria  lor  delining  obesiii  dor  example, 
NILWLS  1  \ersu  NH-WLS  II  o,  Meiiopoin.in  l.ili  Insurance  norms  for 
|0s‘)  versus  I'tX.d.  In  addilu'ii.  dillerences  m  sampling  dor  e'ample.  ran 
domi/ed  census  i,:ici  seledion  versus  random  digit  telephone  diaiin,i,  ,  or 
measuiemenis  dor  examp’'.  telephone  sell  report  versus  direi  I  measuresi 
have  proiiuced  ditterences  in  reported  obesity  prevaleiiie. 

Average  tallies  and  [Prevalence  rales  toi  ov erw eight/obesiiv  can  aUo 
varv  n.irkedly  as  a  consequence  of  soeioeionomic  s'  lu-  iSliSi,  age,  race, 
end  gender  i(  ii'iik  a,;d  Koi'he.  I't  "2.  N(  IIS.  l'tX6.  loC;  Lorm.iii  et  al.. 

Ovei weight  and  level  ol  education  or  SI'S  are  •  verselv  assotialed 
diaeike  el  al..  I'lX.C  I  orman  et  al.,  I'tSii.  (iarn  am!  Clark,  l')76;  (iarn.  I'LSs. 
Moore  et  ai..  I‘’62.  NCHS.  I')S0;  Silverstone  el  al.,  I'*6'*),  Within  each  oi  ihe 
tom  Naiiiaial  Health  and  Lducaiion  .Survevs  (NHL.S)  survevs,  even  viumger 
.idulls  I  IS  to  Cs  years  old;  especiallv  those  above  Ihe  meilian  ol  the  disiribii 
lion)  I'.  d  nigl.ei  HMls  at  progres  .uelv  older  ages  (Harlan  et  al  I'lXXi.  1  he 
I'revalence  ol  overweight  and  obesity  increases  until  imtividuaC  are  approxi 
m.itely  SO  years  I't  age  then  levels  and  declines  tJelTrey  et  al..  I'.’Sd.  NCIIS. 
I'lfiti,  Ross  ;ind  Mirowsky.  I '>X  C  Stewart  and  Brook.  I'tX't. 

Secul:"  trends  m  the  American  population  h.ive  been  recogni/ed  m 
iiiireased  values  m  the  criteria  tor  delining  obesity  m  the  'cienl  Mel'opoli 
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laii  Lilc  InsiiranLC  lahlos  haseil  on  (.'han^cs  in  nicasnrcti  tatiu’ss  ot 

saniplcti  populations  -liith  ptrccnlile)  anil  risk.  Houcvcr.  this  latest 

version  lulled  to  include  ape  as  a  variable,  tiiid  eonseijueni ly.  the  reeoni- 
inended  vveipltls  are  reported  to  be  loo  liberal  lor  young  adults  to  aeeuratelv 
reflect  total  mortalilv  for  40  year  olds,  and  may  be  loo  restrictive  even  for 
sO  or  bO  year  olds  t.Xndres  et  al..  10S5). 

Obesity  Prevalence,  Age  F.ffects  and  Weight  Fluctuations 

I’i  'puLiiiiin  Diiiii 

C  ross-sectional  studies  have  documented  differenees  iti  talness  as  a 
function  ot  gender,  age,  i.ice.  and  secular  influences  i  Abraham  et  al.  IdS.^; 
Ciarn,  Idhs.  NC'flS.  Ibhs.  IbXb.  19X0;  Malinaetal..  IbS.v;  Wong  and  Trovv bridge, 
lost:  /iilikens  and  Conway.  I990».  The  L',.S.  population  has  reportedly 
gained  weight  ovei  the  last  2  decades,  and  the  prevalence  of  obesity  has 
increased  (Simopoulos.  I9S7)  even  in  childhood  and  adolescence  (Diet/  et 
al.,  I9XP;  Ciorimaker  et  al..  19S7).  Overweight  among  adults  of  varying 
ages  has  increased  within  the  last  10  years  despite  vv idesprettti  health  con¬ 
cerns  and  dieting  (Fisher  atid  fiennet.  lOX.'S).  Recent  statistics  suggest  that 
in  l9Xb.  2X.4  percettt  ot  I  .S.  adults  2.‘s  to  74  years  ot  age  were  20  percent 
or  more  overweight  as  Judged  by  BMi  greater  than  27. S  tor  ttien  and  greatv’r 
than  27..^  tor  women  (NCIIS.  lOSb). 

Cross-sectional  studies  in  Ftigland.  Canada,  the  I'mted  States,  and  Hoi 
land  report  that  in  both  men  and  women,  relative  weight  increases  during 
.idulthood.  IS  maintained  in  middle  age.  and  decreases  in  old  age  (Raecke  et 
■il..  lOS.V  Hray.  19X7:  Jeftrey  et  al..  19S4;  Kliosh;  and  Lowe.  I96S;  Millar 
and  Stephens.  I9S7;  Montoye  et  al.,  196,^;  NC'IIS.  I9S0;  Rosenbautn  et  al.. 
19S,s;  Stewart  and  Brook,  I9X.D.  .Although  such  associations  hetvveen  age 
and  overweight  eoiild  be  due  in  ptirt  to  a  confusion  between  cohort  and  age 
etiects  |iossible  in  cross-sectional  studies,  data  Irom  prospective  studies 
sup|iori  these  general  findings,  i'hese  longitudinal  studies  suggest  age- 
rel.ited  trends  in  rel.itive  weight  ( Friedlaendcr  et  al..  1977;  Hsu  el  al..  1977; 
Kannel  et  al.,  1979). 


hiili  vitliui!  Ihi\(  il  l>(i!(i 

At  [iresent.  little  is  known  about  |talterns  of  individual  weight  cliange 
within  die  population  during  adult  years.  When  and  to  what  extent  does 
weight  loss  or  gain  occur.'  Is  stabiltiy  iti  BF  related  to  patterti  of  fat  distri 
bulion.'  I;  has  recently  been  suggested  that  stability  m  body  habitus  tnay  be 
related  ti'  a  lower  risk  for  chrotiic  disease  such  as  coronary  heart  disease 
iCHD)  illamm  et  al..  I9S9|.  Whether  the  risk  of  other  chronic  diseases. 
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such  as  cancer  or  noninsulin  dependent  diabetes  (NIDD)  are  also  related  to 
weight  fluctuations  is  unknown.  The  few  existing  prospective  studies  sug¬ 
gest  relative  consistency  in  body  weight  patterns  over  time.  (See.  for  exam¬ 
ple.  Kramer  et  ah.  19S9.) 

Changes  in  weight.  BMI.  and  skinfold  thickness  (triceps  and  subscapu¬ 
lar)  were  studied  after  intervals  of  4  to  7  years  in  over  17.000  Finnish  adults 
as  part  of  a  recent  health  survey  (Rissanen  et  al..  1988).  .Average  weight 
and  BMI  increased  with  age  in  men  and  women  below  age  .SO  at  entry, 
changed  little  in  men  aged  .SO  to  70  (women  aged  SO  to  60).  and  declined  at 
later  ages.  Both  moderate  overweight  (BMI  =  27.0  to  29.9  kg/m’)  and 
severe  overweight  (BMI  S  .^0  kg/m^)  increased  in  successive  age  cohorts  ot 
men  and  women  until  age  70.  A  relatively  high  proportis  o*'  Finnish 
adults,  approximately  24.7  percent  of  all  men  and  ^^.7  percent  o.  ud  wom¬ 
en  were  considered  overweight,  and  8.3  percent  of  men  and  17.4  percent  ot 
women  were  estimated  to  be  severely  overweight. 

Small  changes  in  individual  weights  were  reported,  with  two-thirds  of 
these  Finnish  participants  maintaining  their  weight  within  S  kg  of  their 
original  weight  classification  (lean,  normal,  moderately  overweight,  or  se¬ 
verely  overweight).  A  weight  gain  of  U)  kg  or  more  occurred  in  9  percent 
(d  the  men  and  4  percent  of  the  women,  and  a  lO-kg  weight  loss  occurred  in 
only  2  percent  of  the  men  and  4  percent  of  the  women.  Both  weight  loss 
and  weight  gain  ttccurred  among  overweight  subjects.  Weight  loss  was 
associated  with  old  age  and  higher  initial  BMI.  whereas  weight  gain  was 
mt)st  common  in  youtig  adults,  even  among  those  with  high  initial  B.MI. 
Men  aged  20  to  29  at  entry  gained  an  average  3.3  kg/5  years.  Weight  gain 
was  less  common  timong  older  subjects.  Among  40  to  69-year-old  men. 
there  were  negligible  changes,  with  15  percent  losing  or  gaining  5  kg.  BMI 
increased  until  age  50  and  decreased  thereafter. 

Results  from  the  normative  aging  study  (NAS)  (Borkan  et  al.,  1983, 
1986;  P.  Vokonos.  Boston  Veterans  Administration,  pers.  com.)  illustrate 
strong  age.  cohort,  and  secular  effects  in  fatness  among  healthy  male  adult 
volunteers.  During  the  20  years  of  this  study,  the  average  weight  reportedly 
increased  until  age  55,  with  subsequent  stability  and  then  reduction.  Pat¬ 
terns  of  central  fat  distribution  have  been  examined  in  a  small  group  of 
selected  subjects  from  the  NAS  using  CAT  scans.  (Sreat  variability  among 
individuals  iti  the  redistribution  of  fat  with  increased  age  leading  to  an 
uneven  thinning  of  subcutaneous  fat  and  increased  intra-abdominal  tat  has 
been  documented  (Borkan  et  ai.,  1982a;  Borkan  and  Norris.  1977;  Mueller. 
1982).  F.stimatcs  of  internal  abdominal  fat  appear  to  be  poorly  correlated 
with  overall  estimates  of  fatness  and  not  well  correlated  with  estimates  such 
as  the  waist-hip  ratio  (Shimokata  et  al..  1989).  Abdominal  fat  and  internal 
depots  have  been  closely  associated  with  cardiovascular  disease  (CVD). 
[7ata  from  the  NA.S  have  also  been  used  to  assess  the  effects  of  weight 
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change  and  age  on  coronary  disease  risk  factors  (Borkan  el  al..  1986).  Even 
after  controlling  for  age,  smoking  status,  initial  weight,  and  initial  levels  of 
the  risk  factor,  increases  in  weight  were  significantly  related  to  increases  in 
most  risk  factors  (for  example,  cholesterol  levels,  fasting  glucose,  triglycer¬ 
ides).  However,  data  from  at  least  one  other  longitudinal  study  suggest  a 
curvilinear  relationship  between  fatness  and  mortality  (Andres  et  al.,  198.‘S). 

Recently,  several  studies  have  focused  on  the  potential  deleterious  con¬ 
sequences  of  weight  changes  and  have  reported  greater  morbidity  and  mor¬ 
tality  solely  as  a  consequence  of  weight  fluctuations  (Hamm  et  al..  1989; 
Hoffman  and  Kromhout,  1989).  Recent  reports  from  the  MRFIT.  Goteborg, 
and  Framingham  populations  suggest  an  association  between  weight 
cycling  (individual  variations  in  body  weight)  and  coronary  heart  disease 
and  mortality,  which  are  reportedly  independent  of  BMI  or  age  (Lissner  et 
al.,  1988.  1990.  1991).  Whether  undiagnosed  illness  is  also  a  factor  is 
under  discussion.  The  factors  related  to  success  or  failure  in  dieting  and 
thus  in  promoting  weight  stability  such  as  gender,  ethnicity,  intentionality, 
use  of  exercise,  degree  and  duration  of  overweight/fatness,  and  fat  distri¬ 
bution  patterns  need  to  be  clarified. 

The  appropriateness  of  age-specific  criteria,  however,  remains  some¬ 
what  controversial.  With  affluence,  fatness  increases  regularly  with  age. 
but  it  is  unclear  whether  this  is  biologically  desirable  or  inevitable.  Per¬ 
haps,  as  with  losses  in  muscle  mass  and  strength,  adequate  exercise  and 
attention  to  diet  can  prevent  age-associated  increases  in  total  fatness  but 
not.  perhaps  changes  in  fat  distribution.  Although  certain  preindustrial 
societies  mav  not  demonstrate  age-related  increase  in  weight  (Dietz  et  al.. 
1989),  the  documentation  of  shifts  in  the  pattern  of  fat  distribution  suggests 
that  ideal  body  weight  and  body  composition  are  in  fact  age  dependent. 
Andres  ( 1990)  has  argued  persuasively  that  modest  increases  in  weight  with 
increasing  age  (10  pounds/decade)  are  associated  with  minimum  mortality 
among  healthy,  insured  individuals.  However,  many  analyses  of  these  epi¬ 
demiological  data  sets  have  included  “healthy”  smokers. 

A  recent  study  (Must  et  al..  1991)  reports  data  from  NHANFS  1  on 
persons  ranging  in  age  from  childhood  to  74  years  during  1971  to  1974. 
Population-  and  race-specific  percentiles  of  BMI  for  obesity  and  super¬ 
obesity  were  obtained.  Significant  variability  as  a  function  of  age.  gender, 
and  race  were  reported.  In  women,  racial  differences  in  the  eighty-fifth  and 
ninety-fifth  percentiles  of  BMI  emerged  in  the  teens  and  persisted  into 
adulthood  with  a  continued  divergence  with  age.  The  BMI  at  the  fiftieth 
percentile  was  also  higher  in  Black  women  starting  in  the  teen  years.  In 
men.  Whites  had  greater  BMI  at  the  eighty-fifth  percentile  until  age  .13; 
afterwards  BMIs  for  Black  men  were  greater.  Black  men  had  greater  BMIs 
at  the  ninety-fifth  percentile  throughout  adulthood  with  a  continued  diver¬ 
gence  with  age. 
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RKSFARCH  APPLICATIONS 

Data  tri)m  routine  physicals  in  the  military  should  provide  both  pro- 
specti\e  data  as  well  as  cross-sectional  data.  The  incidence  and  prevalence 
ot  weight  shifts  or  changes  in  body  composition  in  the  military  population 
can  he  documented.  The  e.xistence  of  long-term  trends  in  weight/fatness 
stability  or  cycling  in  individuals  differing  in  body  habitus  can  be  explored. 
Initial  anthropometric  measures  and  pattern  of  fat  deposition  as  well  as 
estimates  of  percent  BF  or  BMI  can  be  compared  with  routine  periodic 
measures  of  body  composition  and  the  incidence  or  degree  of  weight  lluctu 
ations  individually  determined.  Secular  and  generationid  trends  as  well  as 
relative  stability  in  weight  and  fatness  can  be  explored  among  different 
ethnic  and  racial  groups.  Retrospective  case-cohort  analysis  can  also  be 
performed  to  determine  the  overall  pattern  of  weight  fluctuation;  the  initial 
fatness  patterns  of  subjects  subsequently  exceeding  specific  fatness  criteria 
can  be  contrasted  against  the  entry  status  ol  a  random  selection  of  all  partic¬ 
ipants  at  entry  (Sorensen  and  Sonne-Holm.  I98S). 

Weight  and  fatness  stability  can  be  liefined  as  weight  plus  .S  pounds  of 
starting  weight  per  year.  Weight  stability  can  also  be  estimated  by  the 
intraindividual  variability  in  body  weights  or  fat  distribution  patterns,  that  is. 
the  coefficient  of  variation  (CV)  of  at  least  three  consecutive  body  weights 
taken  at  regular  intervals  (.^  to  .S  years).  Weight  change  can  be  defined  as  at 
least  a  .'s-kg  loss  or  gain;  and  weight  cycling  can  be  defmetl  as  two  o'"  more 
weight  changes  within  the  last  l.'i  years.  Comparisons  can  be  made  among 
current  weight,  initial  weight,  and  "cycled"  weights.  Current  and  prior  anthro¬ 
pometric  measures  can  be  used  to  prov  ide  estimates  and  adjustments  ot  body 
composition  and  fat  deposition  and  to  estimate  gemler.  ethnic,  race,  and  age 
effects.  It  would  also  be  of  interest  to  measure  adipose  tissue  in  selected 
subjects  for  lipolysis  and  conduct  testing  or  measure  total  metabolic 

rate  by  doubly  labeled  water  technique  in  selected  subjects  with  high  or  low 
weight  lluctuations.  These  data  would  allow  estimates  of  individual  ditferenc- 
es  in  rates  of  lipolysis  or  energy  utili/ation.  These  latter  relationships  might 
begin  to  provide  partial  answers  to  the  major  question  of  the  relationships 
among  body  composition,  body  fatness,  and  performance. 


SUMMARY 

The  body  composition  criteria  for  entrance  and  for  retention  in  the 
military  services  especially  the  Army,  are  not  identical.  Screening  criteria 
are  primarily  based  on  weight/height  for  age  with  retention  criteria  based  on 
body  composition  standards  that  are  only  moderately  related  to  performance. 
This  paper  discussed  several  key  issues  of  measurement  which  influence 
both  the  accuracy  and  the  reliability  of  measures  of  body  composition.  FTir- 
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thcr  research  is  necessary  to  examine  the  relationships  among  the  various 
methods  ol  measuring  body  composition  and  various  performance  criteria. 

Major  issues  that  were  addressed  in  this  discussion  of  criteria  included 
those  related  to  validity  or  accuracy  and  precision  as  well  as  issues  of 
reliability.  These  factors  are  related  not  only  to  technical  measurement 
error  but  also  to  issues  concerning  stability  in  body  composition  in  adult 
men  and  women  and  differences  in  body  composition  among  various  sub¬ 
groups  for  example,  racial  or  ethnic.  Body  composition  and  the  adequacy 
(validity  and  reliability)  of  measurements  were  discussed  in  relation  to  a^e. 
pattern  ot  fat  distribution,  gender,  and  ethnic  or  racial  differences.  The 
prevalence  and  significance  of  weight  shifts  with  aging  or  dieting  were  also 
discussed.  Finally,  the  relationship  between  standards  of  body  composition 
and  performance  in  relation  to  differences  among  age.  ethnic,  and  gender 
groups  was  addressed.  Additional  research  should  address  these  remaining 
issues: 

•  What  should  be  used  as  the  true  "gold  standard"  in  determining  body 
composition.’  Is  the  two-  or  four-compariineni  model  more  useful? 

•  How  accurate  are  the  large  scale  screening  techniques  versus  experiment¬ 
al  procedures?  How  reliable?  What  are  the  correlations  among  measurements? 

•  What  corrections  in  weight  or  fatness  should  be  allowed  for  gender, 
race  and  ethnic  origin'.’  How  should  ethnic  differences  in  fatness  distribu¬ 
tion  patterns  be  translated  into  body  composition  standards? 

•  How  stable  are  the  weights  and  body  compositions  of  adults?  Arc- 
age  associated  corrections  desirable  or  necessary? 

•  If  certain  patterns  of  fat  distribution  (centripetal  or  abdominal  depots) 
are  more  likely  to  occur  with  older  age  and  be  more  closely  linked  with 
morbidity/mortality,  should  body  composition  recommendations  and  standards 
be  differentially  aimed  at  specific  subgroups,  i.e.  especially  men  (and  women i 
with  centripetal  fat  distribution  patterns?  Should  standards  of  acceptable 
weight/fatness  be  relaxed  for  women  (or  those  meeting  lower  waist/hip 
ratios).’  Since  smoking  (in  women)  is  related  to  higher  waist/liip  ratios  should 
fainess/appearance  recommendations  include  restrictions  on  cigarettes? 

Standards  of  measurement  (validity  and  reliability)  must  be  considered  along 
with  issues  of  applicability  to  military  needs. 
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APPENDIXES 


A.  Accession  Standards  for  the  Military  Services 

B.  Retention  Standards  tor  the  Military  Services 

C.  Weight-for-Height  Tables 

1).  Proposed  Revisions  to  Accession  (AR  40-501)  and  Retention 
(AR  600-0)  Body  Weight  and  Body  Fat  Standards 
E,  Recent  Changes  to  the  U.S.  Army  Standards  tor  Accession 
and  Retention 
F\  Biographical  Sketches 
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Accession  Standards  for 
the  Military  Services 


The  phy^ical  screening  standards  by  height-weight  and  body  fat  tor 
accession  into  the  military  services  arc  included  within  broader  military 
regulations  governing  general  health  specifications  for  recruits  entering  each 
branch  of  the  military.  For  the  Air  Force  and  recently  for  the  Marines 
(effective  1  June  1492)  the  retention  standards  for  height,  weight  and  body 
tat  are  also  used  for  accession.  Tltese  regulations  are  e.xcerpted  in  Appen¬ 
dix  B.  The  .Army  and  Navy  maintain  separate  standards  for  accession  and 
retention.  Fhis  .Appendix  only  includes  excerpts  from  II. S.  Army  and  LJ.S. 
Navy  regulations  that  govern  physical  characteristics  for  accession,  howev¬ 
er.  the  regulation  specifications  arc  provided  for  additional  information. 

li.S.  ARMY 

The  standards  for  accession  into  the  H.S.  Army  are  included  in  Army 
Regulation  4()-,‘'()l:  Standards  of  Medical  Fitness  (update  l.'v  May  1989). 
This  regulation  is  extensive  and  only  excerpts  from  Chapter  2,  Physical 
.Standards  for  Finlistment.  .Appointment,  and  Induction,  that  apply  to  height, 
weight,  and  body  composition  with  supporting  tables  arc  included  here.' 
The  recent  Interim  Change  to  this  regulation  is  included  in  Appendix  F. 


'furiher  information  convernmi:  this  reiiuUition  can  be  obtained  from  Meadqiiariers.  Dopari- 
ment  of  the  Arniv  iStiPS  ('()  Ri.  SKW  Leesburp  Pike.  Palis  (hurch.  VA  'HIM  I -2 
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(  hapter  1 

l’h>si(al  Standards  for  Knlistinrnt.  AppniiitnienI,  and  Induction 
2-1,  (leneral 

(i.i-  chapter  iinploTiicrils  iX-p.irliiicni  o!  Dcicnsc  (DOOi  Oircclivc  6110  1  ■I’licsical  Slainl.irds 
tnr  I  [thsinicni.  Appoiiilinein,  ami  Indiiclion,"  March  31.  I‘>S6.  -Ahlch  cslahllshcd  ph\Mi.al 
'laml.mls  tot  ciihstinciil.  itppoiiitnietti.  anti  imluciinn  tnit)  the  Armed  f-orees  of  the  I  infeti 
States  in  accordance  \sith  section  I  '1,  title  10,  I  lilted  States  Code  I  10  I  SC  ]  Hi. 

2-2.  Application  and  responsibilities 

I  I  I  rills  chapter  prescribes  the  nicdic.il  conditions  and  phcsical  delects  uhicli  are  causes 
tor  reieclion  tor  niilitar>  seivice  I  hose  indisidiiaK  tound  inedicalls  cpialilicd  based  on  the 
medical  standards  ot  chaplet  2  that  csere  in  ettecl  prior  to  March  o,  |‘ik7.  will  not  be  reevalu 
•ited  or  nicdic.ilU  disqualitied  solcic  on  ihe  basis  ol  the  new  standards  Oihei  standards  mas  he 
t  lesciibed  in  the  esent  ut  niobili/ation  or  a  national  eniereencs. 

i2i  I'he  standards  ol  chapter  2  apply  to 

•  r  I  Applicants  lor  appoininieni  as  commissioned  ot  warrant  ot  licet  s  m  the  Keen  hit  Arm) . 
Ihe  Arms  ol  the  1  niled  States  i  Al  SI,  or  in  the  Keserve  Components  ot  the  Arms,  including 
Ihe  \RN(i  ot  Ihe  I  niled  Slates  and  the  CSAK. 

'hi  Applicants  tor  enlistment  in  the  Rceular  Arms,  bor  medical  conihlions  or  phssical 
delects  predatine  original  enlistment,  these  standards  are  applicable  tor  enlistees  lirsi  h  months 
ol  .k  In  e  dills  1  Howes  er.  tor  membeis  ot  the  ARN(I  or  CS.AK  who  appis  lor  enlist  mem  in  the 
Regul.ir  Arms  or  who  reenter  active  dins  lor  naming  under  the  "spin  iraining"  option,  the 
statidatds  ot  chapter  3  .ire  applicable.! 

ic  I  Applic.ims  for  enlistment  in  the  1  SAR  and  F'ederally  recogni/ed  units  or  oigani/,i 
lions  of  the  ARNCi  (-or  medical  conditions  or  physical  defects  predating  original  tnlisimeni. 
Ihcse  siaiidards  are  .ipplic.ible  during  the  enlistees'  initial  period  ol  active  dins  for  training 
until  Iheir  return  to  Reverse  Component  units. 

of  I  Applicants  for  reenlisimem  in  the  Regular  Army.  .Army  Reserve  components,  and 
f  ederally  recogm/ed  units  or  organi/ations  of  Ihe  .AKNd  after  a  period  of  more  than  6  momlis 
has  elapsed  since  discharge. 

II  l  Applicaiils  tor  Ihe  1  lined  States  Military  .Academy  ll  SM.A).  Scholarship  or  Ad 
sauced  Course  Army  Reserve  Officers'  draining  Corps  iROTCi.  I  nifornied  Services  I  niversi. 
ty  ol  Ihe  Health  Sciences  H  SCHSi.  and  all  other  Army  special  officer  procurement  programs, 
lor  esainple.  Officer  Candidale  SchoobiOCS) 

SOHRCK  AR4(I  SOI  CPD.AfH.  p  .S. 


2-21.  Height 

Vhe  causes  lor  re|eclion  tor  appoimincm.  enlistment,  and  induction  m  relation  to  height  stan- 
d.irds  are  estahlished  by  each  of  Ihe  military  Services  Standards  for  the  Army  are- 
it  Men:  Height  below  60  inches  or  over  RO  inches. 

6  Women:  fleighl  below  .“iS  inches  or  over  .SO  inches. 

2-22.  Weight 

I  he  causes  for  reieclion  tor  appointment,  enlistment,  and  induction  in  relation  to  weight  sian 
dards  are  estahlished  hy  each  of  the  military  Services.  Standards  for  the  Army  are  contained  in 
tables  2  1  and  2  2  i  located  after  the  last  appendiv  of  this  regulation),  .All  Army  applicants  for 
initial  appointment  as  a  commissioned  officer  tto  include  appointment  as  a  commissioned 
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VS.  NAVY 

I’hc  sUiiulards  tor  accession  inh)  the  U.S.  Nav\  are  inclucled  in  the 
\u\  \  Riu  ruiiifio  Manual.  /-h/cs/cJ  :COMNAVCRUITC()M  INSTRUCTION 
ll  eO.SC  (C'RUl  TM AN-TNL).  This  manual  is  cxiensive  and  only  excerpts 
trom  ('hapler  !,  (4(  NAVY  IIUAl.TH  AND  PHYSICAL  RHADINHSS  PRO- 
CiRWl  that  apply  to  height,  weight,  and  body  composition  with  supporting 
tables  are  included  here.' 


'4i  \  \  \  N  HI  Al  l  !1  AM)  PltVSlCAl.  RHADIMiSS  PROtiRAM 


'  U  IV  \\w  cspK'svoa  po(!c>  o\  \hc  Ciuor  ot  Naval  Oporanons  ihat  all  nK'nibcrs  ol  ihc 
N.n  >  cx^cpf  liioso  ovviivcii  tor  nu'dica!  reasons,  shall  ailain  and  maliUain  a  condition  of  health 
■iiul  pli\sn.al  readiness  eonsisient  uith  iheir  tlunes  Hxcess  body  fat  o  a  seri(»us  delriinent  to 
health,  lonee'.  i(> .  sianuna  and  inihlaiA  appearance.  The  need  ti*  mainiam  a  hi^h  state  of  health 
and  ph‘.  sical  leadiness  ifirouL'lnnii  the  seivn.e  is  essential  to  ensure  combat  readiness  afuJ 
personal  eftecii\ eness,  \n  Na\;.  applicants  niusi  besiune  familiar  ssilh  and  understand  phvsi 
cal  re.uiwiess  standards  coiuained  in  ORN.AV  Instruction  bl  H'.l  Senes. 

ihi  I  tie  phvsKal  readiness,  standards  tor  aj.!  cnlistcvl  programs  include  a  Heicht/Wetjjhi 
Stieeniin:  lable  '  fve  1  1  b4  i  and  a  b.akup  procedure  b'r  me.isurmi:  body  fat  percentage  as  the 
»leu  i  intnani  tor  qualifu  alnm  .Applivants  'Alioexeeed  the  limits  <it  the  soreenui'j  tables  wdl  he 
nte.tsured  tor  bod\  tai  b\  MIT’S  personnel  Male  applkanis  measurme  body  tat  or 

ereatei  .tnd  tem.ile  .ippbcams  measanne  s4'r  ot  ereatci.  xxtU  not  be  enlistment  elpeibie  Pio- 
ccdiiies  ii  r  bodv  tai  nieasiireineiu  are  outlined  in  (tP\.A\  INS'I  bl  |u.|  Sene:-. 

o.  I  .M!  ajT[ii k ants  for  enbsuneni  uho  exceed  the  heiiilit/Nxeicht  sv.reenin,e  tables  ij’ig  1  I- 
^4  I  shall  be  counseled  on  die  neetl  to  eonttu.nr  to  Navs  pfiwical  readiness  siandar<ls  m  onler  to 
tx'  enh'ied.  pronu'ted  or  reenbsied  m  the  I  .S.  Navv.  a  p.iije  I  '  «.;)lr\  (NAXIMTS  Iii7()/bl,M. 
shall  he  made  doeuitientmL’  (he  coimsebny  and  aekn^^v^ ledcine  the  Nav\  \  p}usu.al  Readttu'ss 
.M:indiiiils  i  he  proper  p.iee  I  '  tiot  umeniation  is  eoniained  in  this  parauraph 
‘sOl  RCi  CRI  If  MAN  1  I  Mf)  S,i\  p.  i-| 


f  iinhci  intormaiinn  ioiueinine  the  Na\>  leeiuilmenl  reiiulations  can  be  obtameil  frmii 
(  "MiMiiiidcf  Na\\  KikTuifnie  (  oinniaml.  lUla  W'lKon  HoideNard.  Xrlinulon.  V\  222d7 

loot 
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AJ’I>I  \nix  A 


lahlo  (i|  niiniiiiuni  uaiverabic  weight  and  height 


Male  bcniale 


Hoighi 

■\eeessuMi 

Waiverahic 

Aceessiiin 

W  aiverable 

( nu  hes ) 

Miniimim 

To 

Miniiniiin 

In 

Sn* 

HS 

an 

SI 

•S'' 

hh 

X6 

<>2 

S5 

fiO 

inn 

60 

‘)4 

K5 

hi 

in: 

62 

an 

sn 

(^2 

in'r 

63 

as 

ss 

6.' 

104 

64 

Inn 

an 

10'^ 

65 

in: 

a: 

(o 

inn 

65 

Iii4 

a4 

107 

66 

Inn 

ax 

67 

1 1 1 

too 

Inn 

<;s 

6N 

1 15 

104 

1  1  : 

ini 

66 

1  ra 

t  1  1 

1  is 

int. 

70 

i:t 

1  i  1 

1  IS 

inn 

177 

I  t4 

i:: 

1  in 

7: 

151 

1  IS 

i:5 

1 1  t 

7.5 

1  ’'5 

i:: 

I  :s 

1  15 

74 

tM> 

(75 

1  •: 

)  la 

14  t 

126 

1 5n 

i:: 

"6 

147 

I  ^2 

1  5a 

i:5 

77 

IM 

1  36 

14,7 

i:a 

7S 

155 

1  'S 

147 

15: 

'Height  waiver  reiniired 

SOIRCK:  I  S  \a%>  (  <  )MNA\ (  Kl  11  ( OM  INSIKl  CHON 

I  l.h)  XC.  p,  !  1-15 


Naw  Screening  Tables  lor  Weight  by  Height 


MaMinuin 

Maximum 

Hcii’hi 

Weight 

Weight 

1  ituhcN ) 

1  pouiuis  1 

i  inches* 

(pounds) 

l.’o 

5K* 

i:4 

1  u 

SO* 

i:7 

hO 

1  to 

Oit 

141 

14.f 

61 

1.4-4 

I4S 

62 

1.4S 

is: 

64 

14: 

hA 

1  s7 

64 

14.4 

0'S 

lb: 

6S 

144 

hh 

167 

66 

14,4 

o7 

17: 

67 

146 

OX 

176 

6K 

|6tl 

00 

ix: 

60 

164 

■■() 

1X7 

70 

167 

71 

in: 

71 

171 

147 

-» ■% 

174 

:o: 

74 

17X 

74 

:(ix 

74 

IXI 

:i.< 

75 

1S4 

^0 

:i4 

76 

1X4 

::4 

77 

14: 

■’x 

:.7o 

7X 

146 

"Hcigtil  a.aiu'r  required. 

V(tTF.:  In  iliis  table  siandanK  lor  men  arc  listed  on  the 
!ett  and  standards  for  women  are  listed  on  tlie  right. 

SOTRCIi;  b  S  NAVY  COMNAVCRUITCOM 
IN.SiRrCriON  IIID-XV.  p.  I  Tb4, 


Retention  Standards  for 
the  Military  Services 


The  military  services  maintain  separate  physieaf  standards  for  height, 
weight,  and  body  fat  for  retention.  These  are  included  in  the  regulations 
that  implement  the  Department  of  Defense  (DOD)  directive  l.^OH.I  dated  29 
June  1981  that  established  a  weight  control  program  in  all  the  Services.  For 
each  service  the  physical  standards  are  included  within  broader  military 
regulations  governing  the  entire  weight  control  program.  This  Appendi.x 
therefore  includes  excerpts  from  the  regulations  currently  in  effect  that  gov¬ 
ern  height,  weight,  and  body  fat  estimation  for  retention  for  the  U.S.  Army. 
U  S.  Navy.  L'.S.  Air  F\)rce.  and  U.S.  Marine  Corps.  However,  the  full 
milit.iry  regulation  titles  and  numeric  specifications  are  provided  for  addi¬ 
tional  information. 
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U.S.  ARMY 


7’he  staruijrds  tor  rclenlion  in  the  U.S.  Army  are  included  in  Army 
Regulation  The  Army  Weight  Control  Program  (update  1  Sep- 

temher  1MS6)  and  include  the  changes  listed  in  the  I  October  1991  Interim 
Change  to  this  regulation  detailed  in  Appendix  E.  This  regulation  is  exien- 
si\e  and  excerpts  here  include:  the  slated  purpose  of  the  regulation,  details 
ot  procedures,  and  relevant  reference  tables.* 

Section  I  Introduction 

1.  Purpose 

I  Ills  rcguLilion  c^lahllshc'«  polk  io''  and  pr«Kcil«rcs  lor  itie  imploinoniation  of  ihc  Army  VVcigl’.i 
C'oiiirol  Program, 

2.  Hefercnces 

Kcquircd  puhlK'aUtms  arc  li>(ca  m  appendix  A 

.V  K\planHti<m  of  abbreviations  and  terms 

Abbreviations  and  special  leriTu  used  m  this  rcgulatnm  are  explained  in  the  glossarx 

4.  Objectives 

ii.  the  primarx  obieoive  of  the  Arnu  Weight  C'ontrof  Prtrgram  is  to  insure  thar  all 
persiMinel  -- 

(  1  »  Are  able  t('  meel  Ihe  physual  demands  of  their  duties  under  ^.omhai  condiiionv 
(2)  I’rescni  a  trim  military  appearance  af  all  times. 

/».  F'.xcossive  binlv  tat 

(  1 )  Connotes  a  lack  of  personal  disciplinc- 
iJi  Deiratfs  from  mihiarv  appearance. 

I  9  Mas  indicate  a  poor  state  ot  hcallii.  phvsical  fitness.  oi  stamina. 

.  Obieciives  id  the  Arms  Weight  ('t>mrol  Prt'gram  are  l<»  - 
!  1  1  Assist  in  estaldisfiing  and  maintaining  - 
Oil  Disi,  nd me 
I/O  Opetalionai  readiness, 
o  i  Optimal  phssual  fitness. 
iih  Health 

i/'i  t  ttei.tivcnesv  id  Arms  perst>nncl  through  proper  sveighl  control, 
i.’.i  Establish  appropriate  bodv  fat  standards. 

1^1  Proside  procedures  for  sshich  personnel  arc  cminseletl  to  a^^ls(  in  meeting  ilie 
•'lanifards  preM.nbed  in  this  regiilalion 

i  ll  t  osier  higli  stand. irds  «d  protessnmal  nuhiary  appearance  expeclcil  id  all  persiumel 


'further  infi>rm.ii ion  ^.oiuerning  this  regulalmn  can  he  obtained  (roni  ! leailuuariers.  Depart 
mont  of  the  Arms  iStil’S CO  fO.  Leesburg  Like.  Falls  Church.  V.-\  22(M1  2'v‘'S 
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Section  !l  Kespimsibilities 
5.  (ieneral 

I  ho  Amu  tKuJnionally  ha>.  tosicrcJ  a  nblnary  appearance  uhich  u  neat  anJ  trim  [-uriher.  an 
c^^cntlai  function  ot  (Ja\ -lo-das  ettociivencNs  aiul  combat  readiness  of  the  Armv  is  thai  ail 
personnel  are  healthy  and  physically  fit.  Self-discipline  to  maintain  proper  weielit  disirihutnm 
and  hieh  standards  of  appearance  are  essential  to  every  individual  in  the  Army. 

SOI  RC  K:  AR  I  FDATF.  p.  3. 


Section  III  Weight  (  ontrol 
20.  Policy 

:i  (  ommaiiders  and  supervisors  will  niomti*r  all  members  of  their  command  (officers, 
warrant  officers,  and  enlisted  personneli  to  insure  ihat  they  maintain  proper  weichi.  body 
camifiosition  las  explained  in  the  ghusary  >.  and  personal  appearance.  .At  mmimuri;.  personnel 
will  he  weighed  when  they  take  tlie  .\rmy  Physical  litness  lest  I.M’F-'T)  or  at  least  every  b 
months.  Personnel  exceeding  the  screening  table  weight  sfu>wn  in  table  1 )  or  ideniitieif  by  the 
commander  or  supervisor  tor  a  spcciaf  evaluation  will  have  a  determination  made  of  jKTceni 
body  tat  Idontdkaiion  and  counseling  of  iuerweight  personnel  are  required. 

h.  {  ominandets  and  supeivisv>is  will  provide  educational  and  other  nu’tivaiional  pro¬ 
grams  to  encourage  personnel  to  attain  aiut  maintain  proper  wcighi  standards.  Such  programs 
will  include 

I  1  '  Nutrition  eduvation  sessions  ^.oiiducied  by  qualified  health  care  personnel 
f'MTsise  programs,  even  though  mmiiiuiin  API  I  standards  are  ashiewd 
.  Maximum  allowable  percent  boily  fat  ^!.lndards  are  as  follows 


(iroup:  1  20 

Male  I  body  fat);  2o 
Icmalef^^r  body  fat):  2s 

\gf  tirotip:  2s  to 

Male  I  body  fat  i;  24 
female  ( br  body  fat):  O 


Age  tJroup:  21-2'’ 

Male  body  fat);  22 

Kemale  • body  fati:  ^0 

Aye  (iroup:  40  A.  t)!,ler 

Male  body  fall;  2b 

female  t*"/  body  fat):  ^4 


H>»«seNCi.  .ill  personnel  are  eiKouraged  t«»  achieve  the  nn>ie  sirmgenl  IVp.irtment  of  Petensr 
.1)1)1)!  wide  ;.'oa!,  wliKli  Is  20  percent  f’otly  tat  tio  males  and  2b  percent  b<idy  fat  tor  iciiuiKs 
J  Personnel  who  are  "verweighi  <as  explained  m  the  glossarv  > 

li  V\i!l  be  consideiC'l  nonprtMiiotable  il<'  the  extent  such  lumpromolion  is  j>crmilted 

bs  law  ' 

I  I  V\ dll  not  be  .lufhori/ed  lo  attend  prol  'ssi,,nal  milil  »iy  m  civ  iban  sv  hoolmg 
'  M  Will  not  )h'  assigned  to  ctmim.md  positu>ns 

21.  |•rocedll^e^ 

Hodv  tat  c<nnpos!iiofi  will  be  detcrminei!  I<»r  personnel 
'  I  I  Wfiose  bo(|\  wciehf  e'vecils  the  screemm:  table  weight  m  table  1 
'2)  When  ifie  unit  commander  or  supervisor  determines  that  the  individual  s  appe.ir 
a!\e  saegesfs  tli.ii  hodv  fat  is  excessive 

b  Ro'iiine  wet'jh  ms  will  be  .ucornphshed  at  the  unit  level  Perc«*ni  bodv  tat  measure 


.\rFi  \nf  \  H 


nu‘nt\  \'.ill  bi.‘  .K\n(iiplishcil  \-\  i.i>iupan\  or  Miiiilar  IcncI  commandofN  (or  their  desieneei  iii 
jk'.oiJarue  vmli  '^taiuKinl  iiielhodN  presciihed  in  \pp>iuli\  B  to  this  reeul.ith’n  SuMiet'  vkiH 
be  iiKMsLired  bs  null'.  kIlkiN  ot  tlK‘  same  eendei.  II  ihi''  eannoi  be  a*. v oinplished.  a  female 
soldier  'Alt!  be  present  uhen  males  measure  females  IRR  members  on  A  I .  AOI ,  and  SADI 
will  have  a  vAeneh  in.  ami  hod\  tai  evaluabon  iil'  required)  by  the  unil  f«»  vvhicii  altaeheil 
Aiwiive  <ind  Reserve  eomponeni  perstmnel  and  imils  with  soldiers  exceedmi:  ihe  body  lai  start 
dards  in  paragraph  «()<  ,  above,  will  be  provided  weight  rediielion  etmnselmg. 

(  Ihe  sample  eorrespoiulenLe  'hown  m  liguie  1  will  be  completed  and  retamed  bv  the 
anil  ^omniaiulei  or  supervisor  to  document  properlv  recommendations  and  aduuis  taken 
in  oaeh  c  ase 

</  \  medical  evaluation  will  be  accomplished  b\  health  care  perstmnel  when  the  s(j|dter 

ii.is  a  nu-dica!  limitation,  or  is  pregnant,  m  when  requestetl  by  the  unit  c<»mmander  One  is  also 
required  lor  soldieis  being  considered  lor  separation  due  to  tailure  tc>  make  salistaelorv  progress 
III  a  weight  lonirol  pr**giain.  or  wiihm  b  months  ol  I  I  S  .\iicrati  crew  members,  who  exceed 
the  bi'dy  (at  .landards.  will  he  relerted  to  a  lliglu  surgeon  lot  possible  impact  on  thghl  status, 
it  an  individual's  condition  is  diagnosed  by  medical  autlu*niies  to  result  from  an  underlying  or 
as". 'elated  disease  f'rocess,  health  c.ire  personnel  veil!  take  one  t>f  the  tolhncmg  actions. 

'  I  t  Prescribe  treatment  to  alleviate  the  condition  and  return  personnel  to  their  unit 
(Ti  ll"spiM!i/e  nulivuluals  loi  necessary  treatment,  this  actum  applies  to  .Active  .Arniv 
peisonnei  onlv  Reserve  (  oniponeni  f'eisonnel  will  be  retened  then  personal  physician  f-u 
t  niher  evaluation  or  trcMimeni  at  (tie  individual  s  expense 

[  D  I  )etermmc  w  hether  ib.e  mdiv  uiaal  A  eomln  ion  »s  medic  ally  tliMfi  all  I  y  mg  !oi  c  ordin 
:le^l  scTv  ic  e  In  these  eases.  dispoMi-on  vc ill  be  matle  under  prov  imoiis  ol  app;  ,ipi late  regulations, 

-  It  liealih  care  personnel  vlis^ovci  iU'  underlying  oi  associated  disease  pioeess  as  the 
V  lU  'C  ot  the  c  i'ndifion  and  the  imtiv  idual  is  c  )Js^1!  icil  .is  nv  ei weight  these  tacts  w  dl  be  d'u  u 
menieil  and  the  iiidiv  idual  entered  m  a  weight  eontcol  pu'gr.mi  Suspension  oi  tavorable 
peisonnei  actions  will  be  miiiated  un<Ier  AR  ^tKi  tj  tor  pei'^onnel  m  a  weiglit  nmttol  program 
!  I  '  Ihe  recjuned  weight  lo-s  go.d  tU  *  to  poutul-'  per  month  is  cimsideied  .1  s.itelv 

ail.nnabte  e-'ai  to  enable  sohiiets  lo  lose  e'cess  bodv  tai  .iml  meet  the  Kulv  lal  si.mdard- 

des..!ihed  It'  p.ir.i  S'l  Weigh  ms  will  be  made  bv  unit  personnel  monthly  'ot  during  utui 
.i'semblie.  Id  \K\(i  and  1  S  AR  peisotiiiei*  to  measure  pri*gress  A  Nulv  lat  evaluation  mav 
•  lUo  t-'-'  done  bv  unit  petstmiiel  to  assist  m  measuring  pr»»grc‘ss 

I  A  \s  an  exception  to  e  below,  an  individual  who  has  no  weight  loss  alter  .my  two 
coiisec  111 iv  e  monihlv  w eis.’h  ms  may  be  retell ed  bv  the  c ommander  or  superv  isor  (o  health  c  are 
I'e’  ’mic  I  tor  feevaUiation  It  health  cate  personnel  are  unable  u*  determine  a  medical  reasvm 
lo<  i.uk  ol  weight  loss  .ind  it  the  nuiividu.il  is  not  m  eomplumee  with  the  bo<iy  t.n  sumvlatils 
a!  p.u.igiapli  2'’  and  still  exeeeds  tile  scieenm;:  table  weight  liable  h  the  commander  or 
-upervisoi  will  mtoim  the  mdivrdu.'t  tli.it 
' '  I'f  ogress  is  unsa!  ist.K  torv 

tn-  fie  (U  she  Is  suhied  lo  sep.ir.ilion  as  specified  m  1  below, 

'  (  omni.iiulei  s  .md  supervisors  will  remove  itulividuals  .idmmistr.iiivelv  from  a  weight 

-ontrol  program  .is  soon  .is  the  ln»dv  f.n  si.irulard  is  achieved  Ihe  renrov  il  action  will  be 

do.,  nine n led  as  shove  n  m  heme  1 .  lemov  a)  of  suspension  of  fax  orabie  personnel  ac  lions  vmII  be 
,Kk  oniplished  ,ti  1h.1l  lime 

Attc'f  .1  P'TumI  ot  dieimc  and. or  exi-rcist*  lor  t*  months,  siiltiiers  wlu'  h.ive  ru't  in.uie 
'.It  I  sf  ador  V  pr ogress  1  us  e  x[d.iiiusl  m  the  gloss.n  \  1  atui  vv  ho  sfill  exceed  (he  sc  reenme  table  .nui 
boii\  t,ii  si.mdards  will  be  processed  is  (•tllow' 

'  !  I  It  he.iltti  V  Ui-  pers.vnnel  determine  th.il  the  condiiu>n  is  diu'  t-o  .in  underivmg  or 
i.ui'it  ill  sea  se  prtu  ess  ,u  itou  ilrs*  ’■ibetl  in  J  above  will  be  taken. 

'A  11  Mo  underivmg  lu  .1  soci.iied  disease  pt^»ces^  is  !i>und  lo  cause  the  overwcieiii 
vondihon  tlu  ■ndivtdiial  will  be  subjed  to  sep.iralnm  from  ihe  Service  under  appropii.tte 
ri-cui.Uions  huIk  .ilevi  m  1  he  low 
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h  IVrsonncl  \mI!  he  conlituied  iti  a  secighl  eonin^l  program  «as  pr<>\  itlcil  jn  f  through  g 
aho\oi  alter  the  miiial  h  tnotilh  period  it  ihev 
(  i  1  Slill  eveeod  ihe  hod\  lai  sumdaid. 

i2t  HaNe  made  ''atistaelorv  progress  u>v\ard  iheir  weight  ios''  (as  indicated  in  the  gfos 
sai\  ),  or  are  at  or  helow  the  screening  table  weight  liable  I). 

'  f RC  pets<)nnel  onl\  It  the  indixulual  has  n<.»l  obtained  an  evaluation  Irom  his/ 
her  personal  phvsician  I  P  ot  para  207121  above,  and  cannot  demonst'ate  that  the  overweight 
toruliiion  results  Irom  an  undeilving  or  ass<)eK:ted  disease  process,  the  individual  mav  he  sepa 
laied  utuler  appropriate  regulations  without  further  medical  evaluation  hv  hcaiffi  care  personnel 
I.  lo  assist  etunmanders  and  supervisors,  a  tlow  chart  outlining  procedural  guidan».c  is 
sh'n\ M  at  tigure  2. 

/  I  he  commander  or  vupervisoi  will  mtorm  the  mdivuhia)  in  writing  that  imliaiion  o! 
'CparalioM  proeeeiiings  is  being  considcied  under  the  !o||t>wing  regulations,  \R  ('i,''s-200. 
Jiapler  >1:^.  AR  oAS  100.  chapter  5;  NC.R  600  200.  vhapier  7.  N(iR  60n  101.  N(iR  600  < 
\(  IR  6,iS  I OO.  AR  I  1  75;  nr  AR  I  !  7s  I  his  privccvlure  vv  ill  he  t  til  bused  unless  a  mcdi^  ai 
reason  is  touiui  to  preclude  the  loss  ot  weight  or  there  is  uiher  good  cause  to  pisiitv  additional 
ome  in  the  weight  control  progr^im. 

I  he  indoidua)  will  immediatel)  respond  ii'  the  separation  s  •‘nsidefaiu>ii  IcOet  in 
vv  r ii me  1  he  comm.mder  or  super v  isur  will  eonsulei  the  response  and  initiate  separation  av  in 'n 
it  no  avlevjuale  explanation  [s  provided.  utiRu'  the  individual  suhnnts  an  application  tor  retire 
meni.  it  eligible  I  SAR  personnel  m  .in  .-\(iR  status  who  tall  under  the  purview  ot  tliiN 
pai.igra[’h  wii!  he  released  trom  M)  anil  rcturnevl  to  the  appiopriate  Re^'Crve  loiitrol  grou(i 

i2i  l!  separation  action  is  not  initialed  oi  d«H‘s  not  result  in  separation,  the  individuai 
A  ill  he  entered  or  connnued  in  a  weight  e«»niro|  progi  mi.  as  spcMtied  m  e  above 

i  I  ol low  mg  lenuu  al  { n>m  .i  weigtil  c oiniol  program,  d  it  is  vleiermined  i  undei  ./  ahov  e  i 
that  111  individual  exveeds  the  sereening  table  weight  M.ihle  1»  and  the  hodv  lai  siaiul.iri! 
prescribed  m  [\iiagrapli  2(t,  within  ^mnonths.  ihe  tollowmg  will  applv  *  I  i  It  the  unit  com 
mandei  determines  that  Ihe  mdtvnlual  exceeds  the  screening  l.ihle  weight  aiul  die  hodv  tat 
stand, i:d 

(wj  Within  I  2  tnonths  Irom  the  date  ot  the  pievn>us  iemov.il  ttmii  the  program  and 
no  iindei  iv  ing  "i  a sst vmaied  doease  pro^ esc  is  t<»uiKt  .o  the  v  .iiise  of  die  c<»n<li{ion.  the  nnhv  id 
mil  wdl  he  suhied  lo  se(iaraiion  tfinn  the  Service  umlei  /  above  iSaiistadorv  pf*>gress  m  a 
[ueviiHis  weiehi  coniioi  pto.jtatn  will  noi  he  eoiisideied  a  good  reason  lo  pisiitv  time  in  a  new 
proji.tm  I 

'  /’  1  \iid  ilie  1  2fli  month,  but  w  nhin  months  from  the  vlaie  ot  the  prev  tons  rem.u 
iJ  from  the  pioe/.im,  .md  m*  iiiuleitvmg  oi  associated  dise.ise  [iriHCss  u  lound  as  the  cause  ot 
die  rn'iivlilion  the  indivuliial  will  he  .iMoweil  'Mi  davs  to  meet  the  standards.  IVrsonnei  who 
meet  the  hodv  tat  stand. ird  .liter  ih.ii  penod  vvdl  he  removed  lrt»m  the  program  All  others  wdl 
he  'ulned  to  sep.iration  tri>m  the  Service  nmler  /  above 

I.  I  Cersi-nnel  who  meet  the  AR  6(MM>  stamJ.nds  and  hc\(»mc  pregnant  wtll  he  ex 
enipi  liom  tlie  si.iiulards  tm  the  duiaiion  i>|  the  pregn.iiicv  phis  the  period  ol  convalescent 
leave  atfei  hnifi  of  the  chod  fliev  wdl  he  entereil  or  reentered  in  a  weight  c<»ntr<d  progr.nn.  d 
’eijUM'd,  .ittd  .  iMiipletion  convalescent  leave  and  approval  ol  a  mediial  doctm  ihvil  thev  .ire 
111  tof  panic  I  pat  ion  in  a  weiedil  c  ‘>nirol  proei.iin  This  procedure  .dso  aj^plies  to  mdiv  ivluals  in  a 
■nedi..il  hotdirnj  unit  Aim  have  been  liospjtjh/ed  t»»r  long  petiods  S»*|dKMs  entered-Teentered 
in  a  wd:dii  contiol  pioL'iam  .itid  piegn.mev.  prolonged  irea.ment.  ot  hospitali/alion  wdl  hr 
vofisideu-d  fo  he  in  a  new  vveiehl  contro'  piogram  Rata  2(ti  of  this  regulation  will  not  applv  ai 
that  lime 

'2i  It  die  mdividu.d  is  iletermineii  to  exceed  the  hotlv  tal  stamlaivl  and  the  condition  u 
due  to  an  uiuler  I  v  me  or  assoc  i.ned  dise.ise  process,  ac  lion  tfesc  nhed  m  ./  ,ihov  e  will  be  taken 
Inlu'.'ni  III  the  respunsihditc  ot  sc  t-.  vfion  hoanls  ix  the  I'hhgation  (o  sefen  f  <inlv  those 
i nd I \  idnats  w  til  >  are  V  I  ’nsjvlered  t'  •  he  phx  ck  allv  tit  to  perform  the  duties  lequited  ot  them  ii  ad 
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iirncN  (\nnpliatKo  \^i{h  (he  Ar(ii>  Wci^'hi  Conirol  Program  as  prescnhctl  in  this  regulation 
vsil!  he  LiniMilered  in  ihe  selection  process  lor  promoiion.  prot'cssional  military  or  civilian 
schooling,  or  assignment  to  command  positions.  Procedures  lor  commanders  and  supervisors 
to  prioide  current  intormation  lor  use  by  selection  hoards  indicating  whether  individuals  meet 
(he  prcNcMhed  standards  will  be  included  in  DA  regulations  or  issued  by  separate  correspiui- 
dence 

ni.  Records  will  be  maintained  in  unit  tiles  for  personnel  in  weight  control  programs.  On 
transfer  (nun  one  unit  lo  another,  (he  losing  cominaiuler  or  supervisor  will  forward  the  records 
and  .1  statement  to  the  gaining  unit  with  information  indicating  the  status  of  i(ic  individual's 
panic ifutiion  m  .i  weighi  control  program  When  the  transfer  is  j  permanent  change  of  station, 
the  unit  commander^  slaiemeni  and  records  will  be  ¬ 
lli  I'lled  as  transfer  documents  ir.  the  Mililaiy  Personnel  Records  Jacket.  I'S  Army, 
under  AK  04t)  1(1, 

(2)  Removed  on  inprocessmg. 

f!  rpon  removal  from  the  weight  control  program,  unit  record"  on  pariicipaiu>n  m  a 
weight  control  program  will  be  maintained  at  unit  level  for  a  period  of  .^6  months  Irom  date  of 
removal  K  ilie  "oKlier  i"  transferred  to  ani>ihei  unit  prior  to  completion  t>f  .’^b  months,  action 
will  he  taken  m  accordance  with  paragraph  above. 

22.  Heenlisinienl  criteria 

o.  Personnel  who  exceed  the  screening  table  weight  at  table  I  and  the  body  fat  standard 
(or  (lieu  cutreui  age  grt>up  in  p.iiagraph  2<t(  will  not  he  allowed  reenlisi  or  extend  their 
enli  .imeiit 

h.  1  xcc[Mions  to  policy  hu  \cii\c  Arms  personnel  (including  RC  personnel  on  .■\\)\  aie 
[ues^rihed  m  (his  subparagtapfi  rot  soldiers  who  are  otherwise  physieaH'*  til  and  have  per 
tormed  theu  duties  m  a  s.inslacloiy  manner,  the  c ommattder  cvcfc tstrfg  (k'fk'r.il  four?  NJjrfjj) 
(  onM.-nine  XLithonty  or  the  tifst  general  ollicer  m  the  soldier's  normal  chain  of  command 
'wlncticver  is  m  t(ie  most  direct  line  to  llie  soldieri  may  approve  the  toilowmg  exceptions  lo 

P''lk  V 

}  xiensfon  «-?  enirsjjncni  m.iy  be  aulhon/ed  for  personnel  vvho  meet  otic  »>!  ihe 
(ollow  mg  c  Mtei  M: 

o;'  Individuals  who  have  a  iempt>rary  medical  condition  which  precludes  loss 
ot  weight  In  Mich  c.is<  >.  tfic  n.ttuie  of  on  going  tie.nmen?  wjl!  be  documented,  the  extension 
wiP  b,-  to(  the  mmiimim  nme  !R\essarx  ivv  correct  the  cndilion  and  achieve  the  reuulre^l 

W  ('I'jhl  loss 

f/o  Pregnant  soldiers  who  are  »ulierwise  fully  c|ualilied  tor  reenhstnieni.  nuludugc 
those  with  approved  waiver>.  but  wht»  exccovl  acceptable  standards  prescribed  m  this  reeula- 
doll,  will  t'c  exirnded  bu  (he  minimum  penod  which  will  alli>w  birth  ot  the  child,  plus  h 
nuMiile-  Vuifuu  i!\ ,  w  tiic  h  w  il!  be  c  iied  on  I)  \  P»»rm  Ih'ty  lOath  ol  f  x tension  A>f  P  niisftiR'nr  c 
IS  \K  ddl  paraeiaph  ’  *  On  cofnp)e(nui  ol  ihe  periiM)  ol  exieii'ton.  die  soldiei  will  be 

rccvaiuilcdl  utulcr  parag:.ipli 

'  f  I  xccpdiuis  to  p.-li,,  V  .liiowing  leenlisiment  extensnm  ot  enhsimeni  ai;  authiui/cv! 
Of!  K  : e  V  ,isc-'  w  (u.tc 

■./'  Mcdicallv  d.  tcunicnicd  conditions  ipaia  2l«/'  preclude  aflammem  ot  iccjuircvl 

•  i.intiadls 

;  bi  Ibs.ibiiiiv  sc  |'. nation  is  luvt  appropriate 
\!(  leipu'sfN  i.ir  o  V  tension  of  en)is(nu*nl  lor  NR  S<  •  and  I  S  AR  i  11 'I  and  IK  K  t  peis»*n 
ui-i  no!  or!  \1 )  w  ill  h^.•  pro*,  cs  vcd  .invier  N(  »R  otHl  or  \K  I4(t  lll  .chapu  r  P  .is  .ippropriate 

./  kc’uucsts  Iau  cxccpiions  ji‘  pohex  will  be  forwartled  through  the  chain  t>!  ciunmand. 
voli  ilu'  V  ommarider  s  peison.il  I'-conimend.ition  .md  .ipprA>priate  Lomnumt  at  each  1«  vcl  \s  a 
!Ui:;'!U'iru  rcAjiK  w  'll  iiii  liule 

'  !  '  I  he  phvsui.in's  evaluainm 
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A  record  ot  pronicss  in  the  ^ciehl  control  proerani. 
t  M  (  {/rrvMf  hfiehi  arul  wcieht 
(  4  1  B(hK  tal  conlcnt. 

Oi  't'ears  ot  acti\c  I  ederal  ser\icc. 

(hi  Oiher  pertinent  intt^rniatuin. 

<  Soldiers,  u  ho  ha\  e  k.  oinpleied  a  mini  mum  oI  I S  veais  ot  Active  hederal  Serv  ice  ( Al-S  i. 
ni.iv.  it  otherwise  eliuihle.  he  extended  tor  the  minimum  lime  required  to  complete  2<)  >ears 
At  S  Retirement  must  he  a^ ^ ompiished  not  later  than  the  last  dav  ot  the  month  in  which  the 
sohlie'  attains  reliremeni  eli^ihilitv  Application  lor  retirement  will  he  submitted  at  the  lime 
extension  is  autliori/ed  Approx al'disappn>val  auihr>rilv  is  outlined  m  AR  601 -2S(), 

t.  I  S AR  siddiers.  wim  have  completed  a  mmimum  of  IS  vears  ot  qualitying  service  tor 
retireil  pav  at  aee  nO.  mas  he  extended  lor  the  minimum  time  required  to  complete  2t>  years 
quail  tv  me  serv  tee.  I  raitsfer  tv>  the  IRR .  Retired  Reserve,  or  discharge  will  he  accomplished  at 
the  end  ot  the  retirement  year  tRAf  )  m  whuh  the  sohliei  attains  the  20qualityina  yenrs. 

SOI  K(  F.:  AR  600  ')  I  PDA  I  I  ,  pp  4  6 
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\R  6»0.M  I  PDATK:  Appendix  B 
Standard  Methods  for  Determining  Body  Fat  I'sing  Body  Cireumferentes,  Height  and 
Weight 


B'l.  Introduction 

</  T  he  proeeilures  tor  the  measuremei  is  oT  height,  weight,  and  speciT’o  H>dy  eireumter 
enees  tor  the  eslimalion  of  body  tal  are  described  ’n  this  appendix. 

h  Although  circurnlerences  may  be  looked  upon  by  untrained  personnel  as  easy  niea- 
Niires.  they  can  give  erroneous  lesults  if  proper  precautions  are  not  toliowed.  The  individual 
taking  the  measurements  must  have  a  thorough  understanding  of  the  appropriate  anatomical 
landm.irks  and  measurement  techniques.  I  nil  eommandeis  should  require  that  designated 
personnel  have  haiiils  on  training  and  read  the  instructions  legarding  technique  and  location, 
and  practice  before  official  determinations  are  made.  Two  members  ot  the  unit  should  be 
uli/ed  in  the  taking  of  measurements,  one  to  place  the  tape  measure  and  determine  measure¬ 
ments.  the  other  to  a  sure  proper  placement  and  icnsum  of  the  tape,  as  wt!!  as  to  reciud  the 
measurement  on  the  worksheet.  The  individual  taking  the  measurement'  should  he  of  the  same 
>e\  as  ihe  soldier  being  measured,  the  individual  who  issists  the  measurer  and  does  the 
recording  may  be  of  either  se\  The  two  should  work  with  ih^  soldier  beiw'*"en  them  u>  the 
tape  is  clearly  visible  from  all  sides.  Measurements  will  be  n'ade  three  tones,  m  accordance 
with  standard  anthrt'pornetnc  measurement  procedures.  This  is  necessary  for  reliability  pur- 
}>oses.  since  the  greater  number  of  measurements,  the  lesser  the  standard  of  deviation.  Also,  if 
only  ivvo  measurements  were  taken,  there  would  be  no  way  to  tell  which  measurement  was  the 
nu’st  accurate  It  there  is  greater  than  i  inch  difference  between  the  measurements,  then 
i.i.>ntinue  measuring  until  ytiu  have  three  measurements  wiih.n  .-inch  of  each  other.  .An 
average  of  the  scores  that  are  within  .-inch  of  each  other  will  be  used. 

.  When  measuiing  circumferences,  compression  of  the  soft  tissue  is  a  problem  that 
requires  consiant  aiteniion  The  tap"  will  be  applied  so  that  it  makes  contact  with  the  skit  and 
conforms  to  the  btnh  surface  being  measured.  It  should  not  compress  the  underlying  soft 
fissues.  Note,  however,  that  in  the  hip  circumferen'  v  more  firm  pressure  is  needed  to  corn 
press  gym  sfu^rts  All  measurements  are  made  in  the  hori/onial  plane,  tic.,  parallel  to  the 
fh'or).  unless  indicated  otherwise 

li  The  tape  measure  should  be  made  of  a  non-sirctchablc  material,  preferably  ftberglass; 
cloth  or  steel  tapes  are  unacceptable  C'ioth  measuring  tapes  will  stretch  with  us  ge  and  tmwt 
steel  (apes  do  no.  conform  to  body  surfaces.  The  tape  measure  should  be  calibrated,  i.e.. 
compared  with  a  yardstick  or  a  metal  ruler  to  ensure  validity.  I  his  is  done  by  aligning  the 
fibeiglass  tape  measure  with  the  quarter  inch  markings  on  the  ruler  The  markings  should 
match  (hose  on  the  ruler,  if  not.  do  not  use  that  tape  measure  The  tape  should  be  to  .-inch 
wide  (not  cxceedim:  inch)  and  a  minimum  of  .‘v-6  feet  in  length  A  retractable  fiberglass  tape 
IS  the  best  type  for  measuring  all  areas.  Tapes  currently  available  through  the  Army  Supply 
System  (Federal  Stock  Number  S.M ."v  O0-7S2-3.‘v2(l)  may  exceed  the  -  inch  width  limits  and 
could  impact  on  clr^. umtcreniial  measurements.  Efforts  are  being  made  to  replace  (he  supply 
sv stern  tape  with  a  narrower  retractable  tape.  In  the  interim,  the  current  Army  supply  system 
tape  may  he  used  if  retractable  t  ipes  cannot  »e  purchased  by  unit  budget  funds  available  and 
approved  by  installation  vonimanders. 

B-2.  Height  and  weight  measurements 

li  The  height  will  be  measured  with  the  soldier,  in  sUK'king  feet  (without  shoes)  and 
standard  PT  uniform.  i  c  .  gym  shorts  and  T  shin,  standing  on  a  flat  surface  with  the  head  held 
hiin/ontal.  looking  directly  forward  with  the  line  of  vision  hori/ontal.  and  the  chin  parallel  lo 
the  floor  The  body  should  be  straight  hut  not  rigid,  similar  to  the  position  of  attention. 
I  nlike  the  screening  table  weight  this  measureme.  i  wiH  be  recorded  lo  the  nearest  .  inch  in 
(vrder  to  gather  a  more  accurate  description  of  the  soldier's  physical  characteristics 
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n  (ho  vsci^hi  he  tneasureJ  wtih  ihe  '.%.)idicr  in  a  standard  Ph  unitorni.  i.e..  gym 

short-  and  a  I  “-t.  '^f.  Shots  vm(I  ttv>l  he  worn.  'I'he  mea.suremenf  should  he  made  on  scales 
availahle  in  units  and  recorded  to  the  nearest  pound  with  the  follow ing  guidclim.>; 

I  I  )  it  the  weight  traction  id' the  sokiier  is  less  chart  -pound,  rt.'und  down  to  the  nearest 

pound 

(_)  if  the  weight  frat.tion  ol  the  soivher  is  pound  or  greater,  round  u(>  to  the  ncM 
whole  pound 

K-.V  Deseriptioit  nf  circumference  siies,  and  their  antvomical  landmarks  and  technique 

u  Ail  ircunderence  measurements  will  he  taken  three  tunes  and  recorded  to  the  nearest 
-inch  for  (J  It  me  mt  .snremenis  are  within  j-mch  ol  each  other,  derive  a  maihemaiical 

a'.erage  to  the  nearest  quarter  (  o  an  inch.  It  the  measurements  ddter  h>  >  inch  or  more 
.ontiiuie  measurements  until  you  obtain  three  measures  wuhir.  :  inch  of  each  lUhcr  Ihen 
average  the  tfircw  closest  measures. 

h  I  av.h  set  ot  measurements  a  ill  lx‘  completcil  sequentially  to  discourage  assumption  ol 
repealed  nKMsurement  readings  ri>r  males,  complete  1  set  of  abdomen  and  ne^A  measure 
ments,  NO'I  three  ahilomen  circumferenees  lolhiwed  by  three  neck  v ircumlercnces  C  >ntir.iie 
the  ptovess  measuring  die  abdomen  and  neck  in  senes  until  you  have  hiree  sets  ol  riicasure- 
menis  (-or  females,  vompleie  one  set  I'f  hip.  lorearm.  nevk.  and  wrist  measurements  \(ir  ' 
hip  tolh'wed  hy  ihree  toiexirm  ei\. .  umtimic  the  process  by  measuring  hip.  forearm,  neck,  and 
wiisi  senes  until  yi>u  tiave  >  sets  measur  *mcnls. 

<  VSorksheeis  tm  ■  i>mputmg  body  (at  are  at  figure  H  I  (rnalesi  and  ‘’gure  ffemiilesi 
l  oud  reproduv. (ion  s  .luthon/cil  \  blank  copy  id  l).\  f  orms  and  K  is  located  at 

the  '♦  volume  I  Ik  se  U'rins  will  be  reproduced  locallv  on  X  ,  •  11-ineh  paper 

Supporting  taeioi  tables  ..re  hvatovl  at  tabh--  H  1  and  B  J  (malesi  aiul  tables  B  ihiough  B-S 
iteniak'si  and  include  specific  ste[>  to:  preparing  bodv  far  eotueiu  worksheets 

</,  lIliisirationN  of  each  tape  tneasuremefi!  arc  at  figure  B--  mialc'i  and  figure  li-4  (ie 
males*  .\  tiairnng  \ide‘i(ape  il\  T  X  1(14»  is  a'-<'  availaf'le  .it  \  isa.il  Infonnahon  Libraries, 
aml/oi  '(  raining  \uduni  ual  Supp«>rt  (  enters  (T.-\S"') 

B-4.  (  ircumfcrence  sites  and  landmarks  for  males 

(/  Ihe  soldier  being  measured  vm||  be  standing  with  arms  jclaved.  The  ab- 

dornmal  :neasuremeft(  o  r.iken  .it  a  le\el  coincnhng  with  ilie  midpoint  ot  the  navel  ibeliy 
huftoiK  With  the  (af’c  ('ia<  ed  sc>  that  n  is  level  all  die  wav  .iround  the  soiJjcr  hemg  measured. 
Kecor^i  the  nieasuremem  ai  the  end  ol  a  normal  expnation  It  is  impsUlani  that  the  soldier  does 
not  attempl  lo  hold  ’.iis  abdomen  m.  tiuis  resulting  in  a  sin.iUcr  fiieasurement  ALo  the  tape 
n.iisi  be  kept  level  .ufoss  ab«tomen  and  back 

■»  \»(  k.  Ihc  soldier  being  measured  will  be  siamfing.  hulking  straight  ahead,  cfiin  pai 

allel  !«'  Ilie  iloo^  Ihe  measurement  is  taken  Oy  phu  mg  the  tape  around  the  neck  at  a  ie\J  lus; 
‘'el  'w  die  farvnv  i  Adam  s  .ippiei  Do  ni'i  place  the  tape  measure  over  the  Adam's  apple  1  he 
t.ipc  will  be  .is  close  to  luni/omal  (the  i.ipe  line  in  die  trout  of  ilie  neck  should  be  at  die  s.ime 
heigh:  as  die  tape  hue  n»  the  ^ack  of  the  necki  as  anatomicallv  feasible  In  main  cases  ihe  tape 
vv'M  sla'ii  (.town  low. ltd  the  lr()nt  ot  the  neck  Iherebire.  ca  e  %h<«uld  he  taken  so  .i\  not  to 
iin  o|\  c  the  shi'uider  ’ne\  k  ’‘usdes  i  irapcvuis  i  m  the  measL''enu  :u  I  his  is  a  possibilitv  w  hen  a 
soldier  li.is  .1  short  nec  k 

H*5.  (  irciimfcrencc  sites  and  landmarks  for  females 

;/  V,  *  Ihi-  procedure  n  the  same  as  for  males. 

'  Ih,  sohliei  he’iig  mea'ured  will  be  >landing  with  the  arm  evieiided  .iw,i\ 

front  the  hi*  n  (hat  the  foreaim  is  in  plain  vkw  of  the  measurer,  with  die  hand  palm  up  The 
si'Idtei  should  be  allowed  i*i  cho»'s,-  which  arm  he  he  prefers  to  he  measured  BIav.e  the  tape 
aromut  die  !arges|  forearm  v  iruunfereixe'  Hn--  wii|  be  nist  belovc  the  elbow  lo  ensure  ihai 


Arn.sDix  H 


this  In  t[Li(\  tiK-  lariiONf  L (rvut?i!<.TcrKv.  m»ko  il  is  hcin.L’  Msualh  idonMticd.  slide  ihc  tape  alnne 
ilu-  toiiMriii  lo  lind  iho  lar^aesl  eireuiuference. 

i  Ums/  llie  Noldicr  bcine  mcuMJivd  s^ill  Mand  with  the  arm  extended  away  triirn  the 
hod)  NO  ihai  ihe  v^risi  is  in  plain  stew  ot  the  measurer.  The  tape  will  be  placed  aroanii  (lie 
wriNl  al  a  point  ahene  (he  hand  hut  below  the  lower  end  ot  the  bone"  ot  the  lorearm 

d.  Hif>  he  soltlier  fakine  the  measurement  will  viev\  the  person  beine  measured  trom 
the  side.  Place  the  tape  around  the  hips  so  that  it  passes  over  tlie  greatest  protrusion  ot  the 
cluieal  inusv.les  ibuiUKksi  keepine  the  i.ipe  in  a  tuin/ontal  plane  n.e..  paiaile!  to  the  Moor). 
(  heck  trom  to  hack  and  side  to  side  to  he  sure  the  tape  is  level  to  the  tioor  on  alt  sides  hetore 
the  nieasurenients  are  recorded.  Since  the  soldier  will  he  wearing  g>n'.  shorts,  the  tape  can  he 
viraun  snuglv  to  minimj/e  the  udiuence  ol  the  shorts  on  the  si/e  ol  ilie  measurement. 

lt-6.  {’reparation  ot  the  hod\  fat  eonter^t  worksheets 

\()ii:  ii  IS  i  \  rkiAiF:LY  impori  am  itiAi  voi  Ri:Ai>  m.i.  op  iHp;sF-;  inspri c 

I  IONS  HPi-OKP  .M  rtAi:  I  !N(i  K)  C’OMPl.in  i-  l  liP:  BODY  F-A  P  C  OM  I'NT  WORK- 
Sill  F  IS  M  \Ki:  SI  RF  THAI  YOl  HAV1-.  A  COPY  OP  IHF-  WORKSHF-F:'I  1\  I  KONT 
Of  'll)!  \\!iP\  YOC  ARP  RF:Al)lN(i  IIU-SF-:  l\STRC(' I  IONS 

u  Ihe  toltowing  paragraphs  will  provide  inlormauon  needoil  to  prepare  the  F^i>d\  Pat 
(  onienl  VCorkshcets  tor  niaies  and  lemales.  DA  t-orm  ,S.'S(M)-R  and  5.'^()!-R.  Dec  SS,  )  he 
worksh'-eis  are  written  in  a  stepwise  tashioij  The  measurements  and  computation  processes 
irv  different  tor  males  and  females. 

h.  S  ou  w  ill  he  responsible  l<u  eompleting  a  w<irkshect  f«u  soldiers  who  exceed  ttie  sereemng 
table  weight  (  f  able  h  im  aied  in  this  regulation,  or  when  a  unit  commamler  <>r  supervisin' 
deteiinines  that  die  iiuiivuluars  appeaiaiue  suggests  that  body  lal  is  exee-sive  (para  2d,/  AR 
hf'd  di  The  purpose  ot  this  tijmi  is  to  help  vou  iiciermme  the  soMieCs  percent  hod\  tat  using 
the  V.  ii\  nnilerence  levlinuiue  desvrihed  tn  diis  regulation 

fC;|o!'e  vi.ui  '.fail.  >vni  should  have  a  thorougti  mulersfanding  ol  die  measurements  to  he 
m.ide  as  oudmed  in  this  a{>pe;idix  'I'ou  vxdl  also  need  a  scale  tor  measuring  hod>  weight,  a 
h.codii  measuring  dcvu.c.  and  a  measuring  tape,  wuli  quarter  inch  meremenis.  lor  the  eircum- 
teieiKe  measurenienfs  Ihe  spevitiv  deseripiion  of  rfu'se  are  found  eaflier  in  diis  appendix 

sol  kt  I  Ak  MHi.o  I  PDA  I  t  ,  pp  i:  l.i 


IC7.  Steps  for  preparinii  the  Male  Hody  Pal  (  onienl  Morksheel.  I),\  Porm  550I)-K. 
Dee  S5 

Name  I’rim  the  snidier’s  last  name,  first  name,  amt  middle  initial  :n  the  \.A\1I  hliiek  Also 
iMvindc  ills  Rank,  and  Soenil  Se«.urif\  Ntimher 
\ge  f’uni  ill'  .me  in  ve.!''s  m  die  \(d.  block. 

Weight  NU.isuie  die  soldier  s  weiglit  as  des».riheii  m  tins  appendix,  to  ilic  neatest  qmirtcf  o( 
11'  null,  and  nwoid  the  measuieinem  in  the  VVF  KliPt  block 

Height  Me.isiifc  die  -•’Idiei  >  heielil  as  deserdvd  m  tins  appemiix.  n>  die  neatest  poutu!.  ami 
jc-*'n!  in  the  HI  KtHI  hh^k. 

\'‘'e  1  i'ilow  the  nil'  -  loi  ioutuiniL’  «•!  height  and  weight  measurements  as  deserdvd  earlier  in 

ito  •  apj’-nidi  \ 


Al’I’l  \l>l\  H 
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Stt‘p  1.  Ahdiiniiniil  Mea'iurtment 

'I'  aMiic  iIr'  soldier's  atHlomiiial  eirciimieronee  to  the  nearest  quarter  ot  an  ineh.  anil  reeord  in 
the  block  labeled  "hlRS  I", 

Step  2.  Seek  Measurement 

Measure  the  soldier's  neck  eireutnlerenee  to  the  nearest  quarter  ot  an  ineh.  and  reeord  in  the 
block  labeled  'l  iRST". 

Note:  KhPliA  I  S  I'l-.l’S  1  and  2,  in  senes  until  you  have  completed  three  sets  of  abdomen  and 
nve  k  c  ireumferenees. 

Step  -f.  Arerage  Abdominal  Measurement 

land  the  niathematieal  .icerage  of  the  MRSl .  Stit'ONn.  and  TllIRl)  abdominal  eireumlerene 
c's  by  .idiline  them  io;jelher  and  dicidinjt  by  three.  Place  this  number  to  the  nearest  quarter  ol 
an  inch,  in  the  block  marked  .AVI  R.AfIP.  lor  S  I  P.PS  I  and  V 

Step  4.  \cerage  Neck  Measurement 

find  the  iitalheniatical  aceraee  of  your  flRS'l.  SItCONI).  and  TllIRl)  neck  circumferences  by 
addine  them  loeethcr  and  tlividinp  by  three  Place  this  number  to  the  neatest  quarter  of  an  inch 
in  the  block  tnarked  A\  TR  \(iE.  for  S'lfPS  2  and  4. 

Step  5.  Ahdomen-Veek  Differenee 

Siihtiaci  the  number  loiind  in  the  .\ 'v  I  R.A< If.  block  of  STfP  4  from  the  number  found  in  the 
AVI  RAIIf  block  111  STf.P  [■.tiler  ihe  result  in  STfP  .s  This  is  the  ditlerenee  beivceen  the 
abdomen  and  neck  eireumlereitces 

Step  6.  Ahdometi-Neek  f  actor 

( lo  lo  l.ihle  H  I  the  Abrlomen-Nec  k  T.ielor  I  able,  and  locate  the  abdomen-neck  ilillerenee  in 
the  left  inosi  column  If  the  dil fereiii e  is  a  uhole  number,  ne..  fS  inches,  the  .Abdomen  Neck 
factor  IS  S'fd  t  ||  the  dilference  is  |s.2.s  inches,  the  factor  ccould  be  ho.qs.  q  the  difference  is 
the  factor  is  dl  i)2.  and  il  the  dillerence  is  fs  ''A.  Ihe  laclor  is  0|.sS.  fnler  the  appropri 
,ile  I  .tc  lor  in  S  I  f  P  0 

Step  7.  Height  factor 

Clo  lo  T.ihle  If. 2.  Ihe  lleiehl  facloi  l.ible.  .iiicl  locate  the  soldier's  height  m  Ihe  lell  most 
'  climin  II  the  height  is  .i  whole  number,  i.e..  04  inches,  the  factor  is  77.1s  ||  tiR-  height  is 

not  .1  uhole  luimher.  i  e  .  04.2.“'  inches,  ihe  facto'  is  77.27.  il  the  height  is  04  SO  mclms  the 
t.iclor  IS  "7  0).  and  il  the  height  is  (<4. 7s  inches,  the  f.retor  is  77.50  fitter  the  appropriate 
t.icior  111  S  I  fP  7 

Note  Iherelore.  the  getter. i!  rule  tor  the  fttclor  tables  is  i|  the  measure  orditterenee  is  a  uhole 
luiniher.  your  l.ictor  uill  he  located  under  the  0.00  eoliunn.  directly  across  Irom  the  inches 
column  (  olumiis  25.  .'O.  75  correspond  lo  measurements  that  are  not  uhole  numbeis.  hut 
r.iiher  .ire  tr.ictioiis  ot  .in  inch 

Step  N.  Percent  Body  fat 

Siibir.iil  the  number  loiitid  in  Ihe  AVf.R.Atif.  block  ol  STfP  7  Irom  the  number  lound  m  the 
\V  I  R  '\(ll  block  ol  Slip  il  and  eiilei  the  dillerence  in  S  I  fiP  S.  This  is  the  soldier  N  I’fR 
(INI  10)1)5  I  ,\  I 

SOI  R(  I  \R  iiOli  o  1  PI)  A  I  T  .  pp  12  11 
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TABI.K  B-l  Milk-  Abdomen  and  Neck  Factor 


Dilk-renci.  (l.HO 
in  iiKties 


>.144 
34  '() 
t.4.(i2 
64.(13 


.23 

( I 

33.06 
60.  S3 
63.7S 
70.07 
7.VS7 


.30 

( V.'l 

36  61 
62.16 
66  <M 

71.07 

74.-6 


.73 

I  ‘6 1 

3S.04 
6  .4  41 
6K  DO 
72.0.’' 
73.62 


[it 

76  46 

77.2S 

7S  OX 

7X.X6 

1  1 

70.6.7 

SO.  47 

XI. 10 

XI. X2 

1  2 

S:  72 

X4.20 

X.4.S7 

X4.3.< 

1 

KS.  1  7 

S3  SI 

X6.4;4 

X7.04 

14 

S7  ('4 

XX, 22 

ss.so 

SO.  .4  7 

]  5 

SO.O  7 

00. 4X 

01 .02 

•M  33 

\f^ 

1 7 

02.0' 

04. OS 

02. 3X 

04.37 

0  400 

03.03 

0.4.30 

'1.3. 32 

1  s 

1)3. ox 

06.44 

06.60 

07, .44 

I't 

07. 7S 

OX  21 

>)X.64 

'»0,06 

20 

>10  4S 

00. so 

|00  .40 

100.70 

'i  j 

101.10 

101  40 

101. XX 

|02  26 

■)  •> 

102.64 

104  02 

10.4. 40 

10.4.76 

104  12 

104  4S 

104. X.4 

103.10 

24 

|03  .S’- 

103  SS 

106  22 

106,36 

2S 

lOli  liO 

107.22 

107.33 

107  X7 

2(4 

Ills.  10 

lOS  31 

I0X.S2 

11.  14 

100.44 

100.73 

1  10,03 

1  10.43 

2s 

1  10.63 

1 10.03 

1  1  1.24 

III  3.4 

Ai; 

1  1  1  S2 

1  12.10 

1  12. .40 

1  12  1)7 

Ml 

1  12.04 

1  1 4.22 

1  1  4  40 

1  1  .4  76 

i  1  4.0< 

1 14.40 

1  14  36 

1  I4.S4 

.  , 

1  1  '.O'' 

1 13.43 

1 13  60 

1  13  X6 

.  . 

1  l().l  1 

1  16. .4(1 

1  17)61 

1  )().X3 

1 ; '  io 

1  17  44 

1  17  36 

1  I7.X2 

1  1  .S  1 16 

1  IS. .40 

1  IS. 3,4 

1  IX. 77 

'(4 

1  10.00 

1  10.2  4 

1  10.46 

1  10  (.S 

1  F'  '(1 

120.1.4 

120. 43 

120.37 

M> 

120 

121  01 

1212  4 

1  2  1 .44 

1  2  1  6(, 

121. x7 

122. OX 

122. 2‘» 

40 

1  22  30 

122  70 

122.01 

1  2.4. 1 1 
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l  ABLK  B-2  Male  Height  F-acior 


lnche^ 

(1.(10 

.2S 

( /o 

50 

1'.  1 

.75 

( 

7,S.2.7 

7,S.4S 

75. 4S 

75.60 

M 

7.S,72 

7,S.X4 

75.46 

76.04 

(i2 

76,21 

76., 

76.45 

76.56 

6.1 

76. 6X 

76. XO 

76  42 

77  04 

64 

77.I.‘S 

77.27 

77  .14 

77.50 

6? 

77.62 

77.7,1 

77. X4 

77.46 

66 

7X.07 

7X,IX 

7X.10 

7X,4I 

67 

7X..‘12 

7X,67 

7X.74 

7S,X5 

6K 

7X.46 

74.07 

74.  IX 

74  24 

6‘) 

74.40 

74.50 

74  61 

74  72 

7(1 

74.X.1 

74.41 

SO. 04 

XO.  14 

71 

X(),2.‘; 

SO. .45 

SO  46 

HO. 56 

U 

X0,67 

S0.77 

S0.X7 

S0.4X 

7.? 

X  1 ,0X 

SI  IX 

XI  2X 

XI, .16 

74 

XI, 4X 

XI. 5x 

SI.6S 

XI, 7X 

7.S 

XI, XK 

X  1 .4X 

X2.0X 

X2.IX 

76 

X2,2X 

82. .4X 

X2.47 

X2.57 

77 

X2.67 

X2.77 

X2.K6 

X2,46 

7K 

X.7,0.'^ 

X,4.I5 

X.1.24 

X.1..14 

74 

X.V4,1 

X.4.5.1 

X.1.62 

X,1,72 

XO 

K.VKl 

K.4.40 

S5  44 

H4.04 
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B-8.  Steps  for  preparing  the  Female  Body  Fat  (  ontenl  Worksheet.  DA  Form  5501-R. 
Dec  85 

Name  I’rini  the  soU'ier's  last  name,  and  middle  initial  in  the  NAME  block,  .Also  include  her 
Rank,  and  SikkiI  Security  Number, 

Age  Print  her  ace  in  years  m  the  .AGE  block 

Height  Measure  the  st)ldier  s  height  as  described  in  this  appendi.x.  io  the  nearest  quarter  of  an 
inch,  and  record  the  measurement  in  the  ME-!(iHT  block. 

Weight  Measure  the  soldier's  weight  as  described  in  this  appendix,  to  the  nearest  pound,  and 
record  tn  the  WI  KiHT  block 

Note:  Follow  the  rounding  rules  lor  rounding  height  and  weight  ineasuremenls  as  described 
earlier  in  this  appendix. 

Step  1.  Weight  Factor 

(io  to  Table  B  T  the  Weight  F-actor  Table,  and  locate  the  soldier's  weight  in  the  leCi-mosi 
column,  which  is  in  10  pound  increnienfs.  II  the  weight  »s  exactly  120  pounds,  the  lacior  is 
foun<)  under  the  "O  '  column  and  is  147.24.  If  the  weight  is  12!  pounds,  the  tacior  is  tound 
under  the  1"  column  and  is  147  02.  If  the  weight  is  126  the  tacior  is  tound  under  the  ■O” 
column  .ind  is  14U  47  renter  the  appropriate  weight  factor  in  the  (' Al.CTT.ATIONS  section. 
SII-P  I  1  A 


-\/'/7  \/)/V  H 


:o: 

Stfp  2.  Height  Factor 

(let  [()  Tah/e  B  4.  fhc  Hcii'hf  racror  ijh)c.  .i/xJ  itnaic  the  soliijcr's  hcjL’hr  j«  Jhc  Icfi  nu'st 
kDlimin  It  the  iK'ichl  i''  a  '.\holc  nunihcr.  i.o  .  M  inches.  Ihc  laclt»r  is  found  under  ihc  n.oo 
>.nluniM  and  is  SV75  ll  the  hciufii  is  noi  a  'Alude  number,  i.e..  64.25  inches,  the  taclor  is  K4  ()7. 
il  die  height  is  64.50  inches,  tfie  tacior  is  N4  4t).  and  it  the  height  is  64  75  inches,  the  lactoi  is 
54  4  ^  f-.iKer  the  appnipnafe  height  factor  in  the  ( ‘.Xl.t  4  I.ATION.S  section.  .S  I'l'P  1  1  I). 

Step  3.  Hip  Measurement 

Measure  the  soldier's  hip  eirciiniterence  to  the  nearest  quarter  of  an  inch,  and  record  in  the 
hliKk  laf'cleti  "f  lKSf 

Step  4.  Forearm  Measurement 

Measure  the  soldier's  lorearni  to  the  nearest  quartet  of  an  inch,  and  record  in  the  block  labeled 
I  IkST  " 

Step  5.  Neck  Measurement 

Me<isure  the  soldier's  neck  circumterence  to  the  nearest  quarter  of  an  inch,  and  record  in  ifie 
block  labeled  •  FlkSI." 

Step  6.  Wrist  Measurement 

Meiisure  the  soldier's  vcrjsi  to  the  nearest  quarter  ot  an  inch,  and  record  in  the  block  labeled 

•MKsr  " 

Note  RUMcAT  S  IFPS  5.  4.  5.  and  b  IN  SFRIi-S.  until  >ou  have  completed  ?<  sots  ot  Hip. 
bote. inn.  Neck,  and  Wrist  .  ircumterences.  When  vou  have  completed  this  senes,  find  the 
mathematical  average  for  e.ich  of  ffre  4  ctrcuiuicrciHi'  rnCiisurev  and  place  each  average  in  its 
respective  AVFRACd;  block. 

Step  7.  Hip  Factor 

do  to  fable  B  5  (he  Hip  f'actor  7abic.  and  locate  the  soldier's  AVHRACJJ:  hip  circumference 
in  the  left  most  eoluinn  It  (he  cireumterence  is  a  whole  number,  i.e..  .^6  niches,  the  Hip 
1  a».ioi  IS  tniind  in  (he  B.Bd  column  and  is  15. K.'^.  If  the  circumference  is  not  a  whole  number 
hut  is  Vv25  inches,  the  factor  is  I  5  74.  It  the  circumference  is  3b. 50  the  factor  is  lb,B5.  pjuei 
the  appropriate  factor  in  the  C'.AI.Cf  (.A  I  (ON'S  section.  M  B 

Step  8.  Forearm  Factor 

( io  to  labic  H  b.  the  boreaini  bacior  lahlc.  and  locate  the  soldier's  A'  l"RA('d{  forearm 
ciri.  umlerence  in  the  left  most  column.  It  ifte  circumference  is  a  whole  number,  i.e..  10  inches, 
(he  factor  is  found  under  0  (Ml  column  and  is  37  77.  !f  the  circumference  is  not  a  whole 
iuiniher  but  is  H?  25  incfies,  the  factor  is  40.77.  If  the  circumference  is  10  75  inches,  the  factor 
is  40  77  bailer  the  appropriate  factor  in  the  ( '.Al  .C'l  l.A  blONS.  H  F 

•Step  7.  Neck  Factor 

(io  to  lablc  B  7.  the  Neck  Factor  Table,  and  locate  the  soldier's  AVIiRAGF  neck  circumfer¬ 
ence  m  the  leftmost  column.  If  the  circumference  is  a  whole  number,  i  e..  12  inches,  the 
t.Ktor  In  found  under  the  O.flO  column  and  is  lb. 25.  If  the  circumference  is  not  a  whole 
number  but  !>  12  25  inches,  the  factor  is  lb. 57.  If  the  circumference  is  12.50  inches,  the  factvir 
IS  16  7V  It  the  circumference  is  12.75  inches,  the  fact*>r  is  17.2b.  Fatter  the  appropnaie  lactor 
m  the  C'Al  (  ri  ATIONS  section.  I  I  F 


26.< 


Step  1(1.  Wrist  Factor 

do  lo  r.ihlc  U  S.  the  Wnsi  l  acior  lahic.  anil  locate  the  soldier's  AV'fiK.MiF  wrist  circuiiiter 
eiiic  in  the  lett most  column.  If  the  cireuniterence  is  a  whole  number.  I.e..  7  inches,  the  factor 
IS  louiul  under  the  (I OH  column  and  Is  If  the  clrcuniferenee  Is  not  a  whole  number  but  Is 

7'  inches,  the  tailor  is  .f.fiH.  If  the  circumference  is  7..S(I  inches,  the  factor  is  .f,K2  If  the 
cireuniterence  is  7  7s  Inches,  the  factor  is  .V44.  Enter  the  appiopriale  factor  in  the  CAl.d 
L.AnON.S  scciion,  1  1  (1. 

Calculations 

Fine  C.  Addition  of  Weight  and  Hip  Factors 

Add  I  I  A,  Weietu  Factor,  to  1  I  B,  Hip  Factor  Enter  the  result  on  line  1  I  C  (Total). 

Fine  H.  Addition  of  Height,  Forearm,  Neck,  and  Wrist  Factors 

Add  I  I  n.  Heieht  f  actor.  I  1  E.  Forearm  Factor.  1 1  F,  Neck  Factor,  and  I  I  C>.  Wrist  Factor 
tottelher  Fitter  the  result  on  line  I  I  H.  iTotali. 

Fine  F  Percent  Body  Fat 

Subtract  l.ine  I  I  II  from  Eme-C  a  id  enter  on  Fine  I  This  is  the  soldier's  PERCENT  BODY 
FA! , 

SOI  RCF:  AR  (lOO  H  I  PDATE,  1  lb. 
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I'ABI.K  B-4  f  emale  Heieht  I  ailur 


IlKhc> 

0.00 

45 

(  .o 

.50 

«  0 

.75 

1  ; » 

ss 

717)7 

74.70 

74.64 

74. OS 

^6 

7V:8 

74. 6i 

7.7.07 

74.46 

S7 

74. 

74  01 

75.44 

"5.^7 

ss 

77.^0 

76.44 

76.55 

76, XK 

77.40 

77.5.7 

7  7  66 

7X  10 

fill 

7S..SI 

7K  S4 

70  17 

70,40 
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'  urc  B  4  F^’malc  nieasurcim'nt.  Upper  lelt.  wrist  measuiemcnl;  upper  nphi,  hip 
nieasurenient;  lower  lelt.  forearm  measurement;  lower  right,  hip  measurement. 
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APPENDIX  li 


U.S.  Navy 


riic  standards  tor  retention  in  the  IJ.S.  Navy  are  included  OPNAV 
INSTRLC'TION  6110.10  iNMPC-6K):  PHYSICAL  RKADINESS  PRO- 
(iR.AM.  This  instruction  is  extensive  and  excerpts  here  include;  the  state  pur¬ 
pose  of  the  rcitulation.  details  of  procedures,  and  relevant  reference  tables'  . 


I  I’uiBJss.  In  provide  ro\ i  .vd  pnlicv  and  guidance  for  the  iinplementalion  of  the  Phvs- 
Kul  keadii’css  Program  in  the  Nav\  av  directed  by  references  (a)  and  (bi.  This  mstruciion  is  a 
maior  rcsisimi  and  should  be  reviessed  in  its  entirety. 

:  (.•aiHclIanoii.  OPN.W  I.NSd  bllO.IC 

'  Ifoliso  lo  ensure  die  opcralnmal  eftectiveness  of  the  Navy,  every  mcinber  shall 
achieve  and  niainlain  standards  of  physical  readiness  and  participate  in  a  lifestyle  that  pro¬ 
motes  optimal  hctillh  I'his  program  is  designed  to  support  and  enhance  the  physical  readiness 
oi  all  personnel  Physical  readiness  training  o  :  ompleic  conditioning  program  uhich  reduces 
excess  body  tat  and  develops  and  niainlaiits  the  llcxihility.  cardiorespiritory .  muscular  strength 
and  endurance  needed  to  perform  routine  and  emergency  tasks.  The  program  ts  a  part  of  the 
\a\  V  s  Health  Promotion  Program,  retercnce  (cl.  which  includes  the  following  elements:  weight/ 
t.it  Control,  iiutrltion  education,  smoking  education  and  prevention,  high  blood  pressure  idenli 
licalion,  stress  man.igemeni,  alcohoPdrug  abuse  prevention,  low  back  injury  prevention  and 
physical  titness  and  sports.  I.ach  cotiimaiid  will  ensure  personnel  meet  standards. 

SOl  KCF:  OPWV  INSTRI  (.' I  l(  )\  61  1(1  1  D.  p  T 

10  ConiDuiDfjjrii:  oltKA’i's  .ind  otticcrs  in  charge  shall 
a.  A^^i:^c^s|vcl>  MippDri  the  Health  aiul  Physical  Readiness  Program, 
h  f  riMire  an  effective  connnand  directed  physical  condmoning  pn'gram  is  availahle 
tc’f  nieinhers  not  niceime  physical  rea<iiness  test  and  body  I’al  standards. 

c  I'nsiire  that  plivsi-,al  titness  and  nutrition  education  be  provided  through  (ieneral 
Mililars  liaining  ((iM  l  )  l-diicalufti  shall  stress  a  combination  of  healthy  tood  choices,  exer¬ 
cise  amj  l.'l'e.'.iv  le  ciianee. 

d.  Api^oini  a  minmujin  ot  one  C\  i'  in  the  command  using  departmental  and  divisional 
(’1(  assist. ints  to  carry  out  this  instruction, 
e  i-.nsure  that  all  t  1(  'S: 

;  ]  )  are  or  above 
(  2 )  ate  CPK  certified 

I  iire  encourjeed  to  obtain  AC'SM  v ertificalion 
(4  I  meet  satisfactory  PR  F  standards 
are  not  overfai  or  obese 
lO)  are  not  tohacf  users 


l  urilu'r  information  concerning  ttn  -  regulatu>n  can  be  obtained  from  Headquarters,  Depart 
men!  of  (lie  \a->.  Oftive  <d  the  (  hiet  ot  Nava!  Operations.  Washington.  1^  C. 
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I.  l:!iNUR*  C';irdiorcspiralor>  Re'susciialion  K'PR)  certificaiit)n  training  (i.c.  /Xmcrican 
Red  Cross)  IS  conducted  at  least  annuaUy  to  maintain  a  minimum  of  two  qualified  personnel. 
jnforniaiuMi  concerning  C'RR  certificatmn  may  be  obtained  by  contacting  the  .Medical  Depart- 
menl. 

g.  .Maintain  member  s  OPNAV  bl  U)/2,  Risk  hactor  Screening/Phvsical  Readiness  Test 
kcsLilis.  and  ensure  this  form  is  forvAarded  to  the  appropriate  Personnel  Support  Activity 
j  >eiachmon(/Personne)  Office  upon  member's  transfer. 

h.  I'nter  (he  most  recent  performance  on  the  official  PRT  in  the  Fitness  Repori/Evalua- 
tion  using  guidance  Loniained  in  references  tf)  and  (g).  Additionally,  members  wiio  achieve  an 
luerall  score  id'  ouRianding  should  have  this  tact  noted  m  the  narrative  section  ot  the  FTI'RFP/ 
FA  Al,. 

1  F.nsiire  a  cop\  of  the  most  recent  command  PRT  Summary  Report  is  forwarded  to 
( '( JMN.W  MII.PF'KSf 'OM  ( NMK'-6SF  copy  to  chain  id’  command,  by  .h)  September  (d  each  vear 

I  Ensure  iruit  all  rnemheis  are  provided  die  opportunity  to  attain  and  maintain  a  leve! 
id  ['hysical  readiness  consistent  vs  iih  the  siamlarils  defined  in  this  instruction. 

k.  [aisure  the  physical  readiness  <d‘  members  is  tested  twice  each  fiscal  year,  no  Ic'-s 
than  4  months  apart  ('oninuinds  shall  designate  iwo  tests  each  fiscal  >ear  for  official  adminis¬ 
trative  and  loporting  avlions  outlined  in  Tabic  1.  Commands  shall  ensure  that  all  members  are 
proper!)  notitied  of  the  official  test  dates  and  the  DJ^NAV  bl  10/2  shall  he  completed  no  less 
than  Id  12  week^  before  the  «dfictal  PR  (  is  administered.  Commands  may  coiuluct  testing 
mi're  frequenllv  than  the  required  two  official  tests. 

l.  l-nsure  members  tulfi!!  the  phvsieal  examination  requirements  stipulated  in  refer- 
eiKc  !h'.  before  participating  in  their  Physical  Reudmesv  Piogram.  Those  members  who  are 
idenfificd  hv  medical  as  sickle  ^.el!  trait  iSCT)  shall  be  given  appropriate  precautions  icgardm.g 
prt'per  hvdration  before  parikipaiion  in  the  Physical  Readiness  Program. 

m.  Fnsure  those  members  requirmg  medical  clearance,  as  indicated  on  the  Of^N.Ak 
bl  P'O  arc  referred  to  an  Auihori/ed  Medical  l>epartmeni  Representative  lAMDR)  for  medkat 
^  tearance  prior  to  paiticipation  in  the  I’K  1.  .An  AMDR  is  a  health  care  provider  whose  current, 
authori/ed  ssope  ot  c.irc.  either  independent  or  supervised,  includes  the  taking  of  a  medical 
fiiNitvrv  and  performing  a  phvsieal  examin.ition  An  .AMDR  sliall  be  a  moilica!  otliccr.  }'iv>si 
L  kin's  assistant  »'r  nurse  praeiiiioncr.  but  not  an  independent  ^lutv  corpsman.  When  an  AMDR 
IS  ni’t  assigned  or  not  otherwjse  available,  members  requiring  medical  clearance  shall  not 
partu  ipatc  in  the  PR  f  until  examined  by  an  AMDR  at  the  first  available  ship  or  shore  facility 

n  F.nsure  members  not  meeting  percent  body  fat  «»r  phvskal  readmess  standards 
parikip.ue  m  a  command  directed  physical  readiness  prograiti,  Participafton  in  ifiis  program 
shall  .orumue  until  the  next  id/icial  PR  F 

[  iisurc  anv  member,  officer  or  enlisted,  failing  to  main’ain  standards  is  subjecT  to 
admini straii V e  .iction  lollowing  references  (il  through  ivv)  as  outlined  in  Fable  I  te.g..  a  member 
vclio  is  iliaeni'scd  as  obese  on  two  consecutive  tests  and  the  medical  diagnoses  ol  obesity  is 
removed  for  the  ifiiril  consecutive  test  is  considered  overfat  for  the  third  consecutive  test) 
l-orm  il  notification  of  such  action  shall  he  made  by  page  H  entry  (enlisted)  or  commanding 
('ll'vor  written  in)HticdIion  fnfficeri.  Administrative  separatum  shall  be  initiated  for  members 
.s  h(v 

t  I  I  f  ail  to  pass,  hill  !,»  participate  when  required  or  remain  medically  diagnosed  as 
nhrs-'  !()!  :hr«k’  consecutive  nffi..Kil  PR  Is  icxcepi  those  medically  waived  or  diagnosed  preg- 

nani  - 

(2)  Are  diagnosed  obese  at  (he  time  of  graduation  nr  commissioning  from:  Recruit 
iramme.  A  '  Schoid.  I  S.  Naval  .Academy.  Olticor  ('andidate  .School.  Officer  Indoctrination 
Scfii’nl,  or  Naval  Reserve  Officer  Training  Corps. 

A  '  Are  deiermmed  rehabihlalion  failures  tluring  the  12  month  aftercare  period  b\ 
the  .onimandm;:  offuer  isec  paragraph  1  Ici 

r'  f.nsiire  memfrers  granted  medical  waivers  lor  any  portion  ot  the  PR'F  foi  time 
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consct. 'v L*  ofhcjal  PRTs  lover  a  minimum  o!'  1.^  months),  arc  reterred  to  a  medical  board,  it 
appropriate,  based  on  the  recommendation  of  the  medical  specialist. 

11.  Members  ideniitied  as  overlat  or  diagnosed  as  obe.se  and  who  meet  the  referral 
cnicria  listed  below,  should  participate  in  a  non-residential  Counseling  and  Assistance  ('enter/ 
Alcohol  Rehabilitation  Center  (CAAC/ARC)  or  residential  (ARC')  obesity  rehabilitation  pro¬ 
gram  as  appropriate. 

a  C  riteria  for  Non-Resideniial  Rehabilitation  at  CAAC:  Members  v,\io  have  been 
identified  as  overfal  or  medically  diagnosed  as  obese  may  be  referred  to  the  local  C'oun.seling 
and  .Assistance  (  enter  K'AAC)  non-residential  rehabilitation  program  (where  available).  If 
meeting  criteria,  the  C'AAC  may  screen  members  for  the  appropriate  level  of  treatment  and 
make  recommendaijons  to  the  members  command. 

b.  Criteria  for  Non-Resideniial  Rehabilitation  at  ARC';  Members  who  meet  the  folloiA- 
ing  criteria  shall  be  referred  to  a  Non-Resideniial  Obesity  Rehabilitation  Prugram/Alcohol 
Rehabilitation  Center  t.ARCi  (where  available). 

(  1  )  No  previous  pariicipation  in  iion-reMdeniia!  (C'A.AC/ARCi  or  residential  (ARC') 
obcMiy  rehabilitation  programs  during  .Navy  career. 

1 2)  Medically  diagnosed  obese. 

(})  Oo  not  have  an  eating  disorder  (anorexia  or  bulimia). 

i4i  Desire  to  participate  iti  the  program.  (If  not  amenable  program  participation, 
an  entry  shall  be  made  in  the  service  record  indicating  that  rehabilitation  was  offered  and 
refused.  The  member  shall  be  processed  for  administrative  separadori  per  reference  (k)  for 
enlisted,  reference  ini)  tor  officers). 

(.‘'1  or  above,  with  strong  potential  for  continued  service. 

(bi  .An  average  of  .Vb  or  above  evaluation  marks  (except  for  military  K‘anng)  for  2  years. 

i"^)  Documentation  of  6  months  of  participation  in  a  command  directed  physical 
sondiiionmg  program. 

(Ki  One  sear  of  aciise  duty  remaining  following  completion  of  the  non-residential 
obesity  program,  and 

(b)  keciimmendaiion  by  the  commanding  olficer. 
t .  (Viterm  tor  Residential  Obesity  Program;  Members  who  meet  the  following  criteria 
shall  be  referred  to  a  Residential  Obesity  Rehabilitation  Program  at  either  an  .ARC  or  Alcohol 
Kehahiliiaiioti  Department  (.ARD)  (where  available); 

(  I  )  Meet  all  the  above  criteria  in  paragraph  1  lb(  1  )-id>.  and 

i2)  .A  non-resideniial  iCA.AC'  or  ARC')  obesity  rehabilitation  prograin  is  not  avail¬ 
able  wnliin  fhe  geographical  area,  operational  commiimenis  do  no)  allow  for  participation  in  a 
!ii'n-resKlcniia!  obesity  rehabilitation  program  or  recommended  by  C'A.AC  screening. 

d  Aftercare.  Cpon  completion  ot  an  obesity  rehabilitatiim  program,  the  member  shall 
remain  m  a  command  directed  physical  conditioning  program  until  ilie  22  percent  (male)  or  .M) 
percent  dcmale)  standard  is  achiesed.  .Aftercare  recommendations  from  ;he  rehabilitation 
lacilits  shall  be  sent  to  the  niemher’s  command  fitne.s.v  coordinator  and  shall  he  included  in  the 
conditioning  program.  This  aftercare  program  shall  be  tracked  by  the  command  litness  coordi¬ 
nator  tor  a  minimum  of  I  year  to  prt>vide  Icedback  to  the  rehabilnaiion  facility  on  the  mcm- 
bi  r  N  progress 

e.  Rehabilitative  Pailure.  Members  who  fail  to  show  consisieni  and  significant  progress 
towards  meeting  Navy  body  tat  standards,  lail  to  move  from  the  obese  to  the  overlat  category 
durmc  the  !2  month  atier^are  period,  or  enters  the  obese  category  after  the  12  month  aliercare 
period,  siuill  b^  considered  for  administrative  separation  Individuals  should  lose  1-2  pounds  of 
vseight  per  week  or  approximately  !  percent  of  body  fat  every  2  weeks. 

12.  (  ominandmg  otticers  and  officers  in  charge  are  strongly  encouraged  to  provide  op 
poriunity  to  attain  and  niaintain  fitness  during  the  normal  work  day. 

SOI  RC  f  (>P\A\ INS  r  bj  111  ID.  Knclosiirc  1 1 ).  pp,  .^-7. 
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!h.  The  individual  service  memher  shall; 

a  Pariicipatc  in  a  lifestyle  that  promotes  optimal  health  and  physical  readiness.  Failure 
i.i  take  PKl  due  to  lack  o1  members  preparedness  shall  constitute  a  PRT  failure. 

b.  Deveh'p  a  personal  fitness  program  using  resource  information,  the  assistance  of  the 
(T  (.  .  and  recreation  services  dcparlineiUs. 

c  Take  the  PK’I  as  required  unless  medically  waived  or  diagnosed  obese. 

SOL  RC'T  OPNAVI.NSr  bl  10. ID.  Hnclosure  ( 1 ).  p.  0. 
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r AHLK  1  .■\d^llnl^tratuL‘  Aclmn  lor  Members  Whir  Conseeulivciv  bail  the  Physical 
Keatiiiless  lest  or  pAceeil  Body  l  al  Standards. 

I- AILS  PKT  OK  OVKKKAT*  OBKSF,** 

FAILS  ro  PARTICIPATF' 

WHKN  KLQl  IRF.O 

Jst/Jnil  Uti-t-  Isi/2nd  isi/2nd  3rd+ 


test 

test 

test 

test 

test 

test 

Recommend 

promotion/ 

eh  ill  hie  for 

advoiKenieiil 

\es 

no 

ves 

no 

IK) 

no 

l')ela>  proino- 
iion/w  ithhold 

adv  ancemeni 

no 

V  es 

no 

yes 

yes 

yes 

f-digihle  for 

F-'riK  kine 

no 

no 

no 

no 

no 

ni' 

latrep/F-val 

enirs  - 

yes 

yes 

yes 

yes 

yes 

yes 

f-lmihle  tor 
Redesignatioiv 

Re  enlislmeni/ 

( 'ommissmnin.e/ 

1  'oniinualion 

s  es 

flo"^ 

yes 

y  es 

no'^ 

no"* 

Notifv  \MiH'  V  la 
MSC/N  \V(iR  am' 

no 

ves 

no 

no 

yes 

yes 

I  raiister  l  PCS. 

f  f-MDClSSi 

> 

no 

yes 

yes 

no 

no 

PosNihle 

Separation 

no 

ves 

no 

no 

no 

yes 

'(  AicCpi  ffiosc  incdi(.'.tli\  waived.  1  f- MDl  VTAI>  or  .ACDl  I'KA. 

'laiiries  indieaiing  PK  I'  tailure.  tads  to  parlieipate  in  PK’I ,  or  overlat/ohcNC  require  etunnieiii 
(11  nairatix  e  lion 

'riie  enifv  wjJl  relleel  the  nvasi  leeeni  id’licial  PKT  result 

■^Mav  he  ••viendrd  until  the\  have  had  i  a  months  in  a  Commami  Directed  Phvsical  (  ondiiionine 
I’roerani 

enlisted  NMPC  24.  tor  officers  NMPC  X2.  NMPC-4  lor  all. 

Overfat  Male  2T2.s  percent,  f  emale  41  OS  percent. 

Ohesc  Male  :’2h  percent.  Female  percent  and  medically  diagnosed 
ohese  hv  an  AMDR 
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y.  SccniiLi  r  BoJn  Ctinipusiiion  Vjiues  lur  heiglit.  weight.  tirtumlereiKC  ineasure- 
menls  aiul  percent  hoti>  fat  \alues  sha'I  he  recorded  for  all  memberc  following  the  procedures 
described  in  enclosure  (4i.  [  or  administrative  purposes,  this  a.ssessnienl  becomes  the  official 
percent  body  hit  value  and  shall  be  taken  10-12  weeks  prior  to  the  PRT  1  he  CbC  shall  advise 
members  who  exceed  body  tat  standards  that  their  assignment  to  a  command  directed  physical 
conditioning  program  is  mandatory  and  tnitiate  appropriate  documentation  action  per  para 
graph  I  do.  Automated  systems  may  be  used  to  perform  calculations  but  do  not  substitute  for 
completion  of  this  section. 

(I'xception:  I  he  body  fat  assessment  is  waived  Irom  the  time  of  the  official  medical 
diagnosis  of  pregnancy  and  for  b  months  following  delivery, I 

d  .Section  U.  .Medical  Referral.  The  CFC  shall  enter  the  date  of  referral  and  place  an 
".X"  m  the  appropriate  boxtsi  Those  members  with  one  or  more  '■X"s  shall  rec|uire  reterral  to 
an  A.MDR  for  evaluation  and  determination  as  to  their  eligibility  to  participate  in  the  PRT  and 
command  directed  physical  conditioning  program. 

e.  Section  E.  Medical  Evaluation.  Males  with  percent  body  fat  equal  to  or  greater 
than  2b  percent  or  females  with  percent  body  fat  equal  to  or  greater  than  2b  percent  must  be 
examined  by  an  AMDR  to  confirm  obesity. 

( 1 )  The  clinical  diagnosis  of  obesity  shall  be  based  on  a  consideration  of  the  indi¬ 
vidual's: 

(a I  percent  body  fat  value 
(bl  tendency  to  be  obese 

1.  family  history 

2.  age  of  onset 

2,  eating  habits 

4.  location  of  body  fat 

5.  psychological  burden 

b.  level  of  physical  activity 
(cl  presence  of  health  risks  associated  with  obesity 

1.  hypercholesterolemia 

2.  hypertension 

2.  diabetes 

4.  cardiovascular  dysfunction 

(d)  metabolic  or  endocrine  abnormalities  resulting  in  obesity;  and 
(el  the  clinical  judgment  of  the  AMDR 

(2)  Refer  the  member  as  appropriate  to  a  conditioning/  rehabilitation  program  as  per 
guidelines  of  enclosure  (4i. 

(.4)  Members  diagnosed  as  obese  shall  not  be  allowed  to  lake  the  PRT. 

(4)  Only  an  AMDR  can  diagnose  a  member  obese. 

(.“x)  Only  an  AMDR  can  release  the  member  from  the  diagnosis  of  obesity  and  clear 
the  individual  to  lake  the  PRT. 

f.  Section  F.  Physical  Readiness  Test  Results  The  CFC  shall  conduct  an  official  PRT 
following  the  guidelines  of  enclosure  (,‘x).  verify  that  raw  scores  for  each  event  performed  are 
correct  and  calculate  points  for  overall  classification  Automated  systems  may  be  used  to 
perform  calculations  but  do  not  substitute  for  completion  of  this  section.  (Note;  Members 
waived  from  any  portion  of  the  PRT  shall  be  marked  pass/fail  tor  each  item  performed  and 
overall  classification.  No  point  calculations  arc  required  )  Member  and  CF'C  shall  sign  this 
section  to  certify  accuracy  of  entries. 

SOURCE:  OPNAVIN.ST  61  If). ID.  Enclosure  (.4).  p.  2-4. 
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4.  HrcgiiaiK  s .  Alter  confirmation  of  pre};nancy.  a  pregnant  member  shall  be  exempt 
from  the  regular  physical  readiness  program  and  physical  fitness  testing.  The  body  fat  assess¬ 
ment  IS  waived  from  the  time  of  the  diagnosis  of  pregnancy  and  for  6  months  following 
delivery  Members  exempted  for  pregnancy  may  take  up  to  b  months  following  delivery  to 
take  an  ofticial  PRT.  Pregnant  members  shall  be  counselled  and  encouraged  to  participate  in 
an  approved  American  College  of  Obstetricians  and  Gynecologists  i.ACOG)  exercise  program, 
unless  exempted  by  her  health  care  provider  for  medical  reasons. 

SOI  RCK:  OPNAVINST  bl  III  II).  Hnclosure  I.G,  p  b-7. 
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Body  Composition  Determination  Procedure 

I  B.ACkCjROL  NU  The  body  is  composed  of  fat  and  lean  Iniuscle)  tissue.  Percent 
body  tat  IS  expre  a  as  a  percentage  of  the  total  body  weight.  Attempts  to  interchange  the  use 
111  body  tat  anu  aly  weight  measures  as  an  indicator  of  fiiness/mililary  appearance  have 
trei)uemly  resulted  in  misconceptions  and  inec|uiiies.  Obesity  is  an  excess  of  body  fat  fre- 
queinly  resulting  in  a  signilicam  impairment  of  health.  Obesity  lexcess  body  fall  is  clearly 
associated  with  hypertension  ihigh  blood  pressurel,  hypercholesterolemia  (high  blood  choles¬ 
terol  level  1.  diabetes  and  is  considered  a  risk  factor  for  cardiovascular  disease.  Overweight  is 
the  condition  in  which  a  member's  weight  exceeds  the  average  weight-for-heighi  standards 
based  on  msuraiKC  industry  standards,  -Mihough  height/weighi  tables  are  still  used  to  assess 
body  composition  ol  members  based  on  age  and  body  si/.e.  these  tables  do  not  provide  infor¬ 
mation  on  the  degree  of  obesity  or  the  quality  of  a  member's  body  weight.  It  is  possible  to  be 
overweight  and  not  be  overfat 

-  DlilTM'I'lON  Reference  lal  defines  the  accepted  percent  body  fat  values  for  men  and 
women  as  less  than  or  equal  to  2ll  percent  and  2b  percent  respectively.  The  Department  of 
Defense  goal  has  been  adjusted  upward  to  account  for  the  standard  error  associated  with 
anthropometric  measurement  Therefore,  the  percent  body  fat  values  indicating  the  potential 
lor  obesity  are  equal  to  or  greater  than  2b  percent  for  males,  and  equal  to  or  greater  than  .Tb 
percent  for  females.  Males  2,V2,S  percent  and  females  percent  are  considered  to  be 

ovcrfai. 

'  GITD.ANCT  TAB  A  to  enclosure  (4i  illustrates  the  body  composition  screening 
decision  process  to  be  followed.  The  initial  body  composition  screen  shall  be  conducted  by 
the  CfC  using  the  circumlerence  measurement  method  described  in  l  AB  B  The  CFC's 
I'crcem  body  fat  assessment  will  remain  valid  for  administrative  purposes.  Those  members 
with  percent  body  fat  2.4-2.^  (nialesi  or  M  '5  percent  (females)  are  required  to  participate  in  a 
command  directed  physical  conditioning  program  and  should  receive  dietary/nutritional  infor- 
maiion  Tnclosure  (2|  is  recommended  tor  the  exercise  component  and  an  AMDR  can  provide 
dietary  assistance  Members  with  percent  body  fat  equal  to  or  greater  than  2b  percent  (males) 
or  equal  to  or  greater  than  .Tb  percent  (females)  must  be  evaluated  by  an  AMDR.  Members 
diagnosed  as  obese  shall  NOT  be  allowed  to  take  the  PRT  Only  an  AMDR  shall  diagnose  a 
member  obese  Removal  of  the  diagnosis  of  obesity  and  approval  for  participation  in  the  PRT 
shall  he  given  only  by  an  AMDR  The  body  fat  assessment  is  waived  from  the  time  of  the 
diagnosis  of  pregnancy  and  for  b  months  following  delivery 
SOI  RCH  OPNAVINST  bl  10. ID.  Enclosure  (4).  pp  1-2. 
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‘DcU’tniinoil 
h>  C  IA" 
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less  than  or 
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less  than  or 
equal  to  .K)'? 
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( )\  t‘  r 
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2. VS  -2s'; 

DH--VS9; 

Command 

Directed 

Physical 
Conditioning 
Program 
( Mandatory ) 

greatei  than  or 
equal  to  2h'i 

greater  than  or 
equal  to  36',? 

Refer  to 

Medical 

h>  McdKal" 

MI-DIC  \l. 

OVFiRf'AT 

OVKRFAT 

Command 

Directed 

Physical 
Conditioning 
Ihogram 
( Mandatory! 

OBIhSt;* 

OBKSK* 

Command 

Directed 

Physical 
Conditioning 
Program 
i  Mandatory  i 

Recommend 
Non-Residential 
or  Residential 

Rehabilitation 

Program 

III  eligible  1 

■iVU'iiihcr  iini  L'lij:iblc  in  take  PRTi 
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lAB  B  i’l.KC  FM  HOUN  f  A  l  Mi  \S(  Kl  MiM  PROC’FDFRl-S 

1  (icocrji  InNirucuons.  Fro^.o^iurex  Un  vloicrminin^  hinlv  fat  require  the  use  ot  a  standard 
\()N-M  AS1 IC  (iiioial.  eloth  or  fiKer^lass»  tape  measure.  The  tape  should  he  applied  to  body 
landnuirks  ssiih  sutficieni  tension  to  Weep  W  »n  place  v».iihout  indenting  the  skin  surface.  Record 
ineasurenienis  to  the  neare''l  halt  inch.  With  the  exception  of  the  hip  measurement  for  vsomen. 
all  inea.''urenien!s  \c)!l  he  taken  on  bare  skin. 

-  iVreent  B<Kj\  Fat-Detem)inafu>n  <Ma)es) 

a  Measure  height  unhout  vtuies  to  nearest  half  inch.  Instruct  members  to  stand  with 
teei  together,  flat  on  (he  deck,  lake  a  deep  breath  and  stretch  tall. 
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d  Determine  percent  budv  fat  by  subiracimg  the  neck  from  the  abtlt)nnnal  measure¬ 
ment  aiul  comparing  this  \alue  against  the  height  measurement  from  Chart  A. 

V  tVreent  Bods  F  at  Determination  (FHMALESi 

a.  Measure  height  without  shoes  to  the  nearest  half  inch.  Instruct  member  to  stand 
vciih  feet  together  and  flat  on  the  deck,  take  a  deep  breath  and  stretch  tall. 

b.  Measure  the  neck  circumference  at  a  point  just  below  the  larynx  (Adam's  Apple) 
anil  perpendicular  to  the  long  axis  of  the  neck.  Member  should  look  straight  ahead  during 
measurement,  wah  shoulders  down  (not  hunched).  Round  neck  measurement  up  and  record  to 
hall  inch.  (i  e.  Round  1.^  .VH  inches  to  1.^..'^  inches). 


AFrr\!>i\  H  2S3 

c.  Measure  ihe  n.itural  \.saisl  envumterenee  at  ihe  p(»inl  ot  miiiniial  ahdi)niiiial  eirLutn- 
teienec.  usualK  loeated  ahiiul  hall-vAay  helween  the  navel  and  the  lower  end  ot  the  steriiuni 
(hreas!  htuiei.  When  this  site  is  not  easily  observed,  take  several  nieasureinenfs  at  probable 
sites  at:  \  use  the  snuillest  \a!ue  He  sure  lha*  the  tape  is  level.  Arms  are  at  the  stiies  Reetird 
nieasureinents  at  the  end  i>t  member's  normal  relaxed  exhalation.  Round  waist  measurement 
down  and  record  U'  halt  inch  ii.e.  Round  2S  5/K  inches  28.5  ineiiesi. 
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U.S.  Air  Force 


The  height,  weight,  anti  boils  l  it  stantlarils  lor  accession  and  relctition 
m  the  I  ,.S  Air  f-orce  are  incluileil  in  Mililary  Personnel:  I'HK  AIR  FORCK 
VVKKJH  I  AM)  FITNKSS  PR()(JRAMS  ( Al  RF(il  1  A  t  lON  Av  I  1 ,  in 

April  17S,7|.  This  regulation  is  extensive  and  excerpts  here  include:  ihe 
stated  purpose  ot  the  regnlaiion.  tietails  oT  procedures,  aiul  relevant  refer 
cnce  tables'  . 


(  HAP IKK  I 

(tKNKR  \l  IVKORM  \ riOV 

!  !  f'lOik’iHi  InlcriiialKMi  I  K-p.iriiiuiu  v 'I  I  )(,-K-nAC  *  I  )<  M  >  *  1  )in.\  •  r.  c  .i«inc  \'‘s\, 

roqiiircs  (.mJ-  rmiKiit'.  synuc  Jo  (mau  hio  .i  uciiilu  iiuiiKiucmoiit  .uul  ph>>udl  tilncsN  jff<',L;:.ini 
!  hi'  \\  .111(1  t  iiiu'ss  I'fPijf.inis  .III.-  i.nl<  >:■(•(  1  to  moot  I )( )l )  ohiOs  ii  \  ("s  jn<i  I  ho  i!  k.  iiootS  o' 

iho  \ii'  (i'uo  VKciohi  m.nuioomoDt  ..ml  phvMx.il  Ihiu-ns  .ko  Imkod  to  '■oi!  inm^o  .(lui  soP 
o^loom  lIiuI  ptomi)!o  .in  o'.oiiill  ho.ilili>  lito'tslo  tor  .ill  Xn  loixo  nis'inhor'.  \shi!o  inipunmo 
niilit.irs  ;i['poa;;nKo  aiut  poilotm.inoo  An  f  inomlvm  j:o  f ONp' 'usihlo  tor  j(.tno\in-.  a.  ,! 
ni.iini.nnim-  tho  'si.m.j.jf.iv  ,.j  Aoiolit  .mJ  plo.-sK.it  imiiosn  iv-fmo  1  m  !hi7  topulatnm 

1  -2.  I  orniN  I  \plainod: 

a.  Aornltio  XotiNil).  \n  omhii.mvo  oxcioiso  khkh  ijNi  s  xcatinucuxA  .»\oi  a  poiuni 

of  (inio  ‘n’lnimum  2i'  mmiitO'i  .nui  ofiluimo's  flu  -il>ihf\  ot  ih-‘  IhhIv  i-'  rnovo  an  into  .irul  ofil  (h 
: i'o  liiSTO-'  liK  h.uios  .k li'-  i!io'‘  '‘IK  h  .l^  riiiminp.  u .ilk nii:,  v  \  if  po  Nk  ij'pmo .  miniiiu: , 

b.  Hdfix  hilt.  Hk-  poiLont  *'(  hoilx.  fat  Iinmio  xotsus  loi.ii  luu!\  woiiuit  'hopx  iiiiiNclt' 
Iiul  horn-.  W.ifor  ami  tat ' 

c.  Hod\  Ki(  VIoiiMiro  (JU  Vf)  Ad jcis(rru*n{.  An  npK.ird  or -iou inv aft)  a-l.'U'tn.'on!  i.'  .i 

inonP’oi  A  i.iav’mtim  all  “.\.iMo  'AOf.hi  st.imianl  b.isod  '-'n  dotormination  ot  an  i?u!i\ I'bial  A 
poi.odtaoo  ‘t  tat  {  ompiMiKO  uiih  hoilx  !.it  stand. inK  \xdl  lu*  viototniinod  b\  (.tuuniloi 

om.0  t!To.isiir'’nioin  provodnios  .is  i'»ulinod  in  attashmont  4  and  ,\l  k  |t»ti  !  '  iVrsivimci  Daf,; 
S\  sU  in  I  f’j  )S  i  ooilo  I 

d.  (  linic;)l  (Ibfvilv.  \  sui-u.Atfxo  dosmioii  h\  tho  nio<lis.fl  pi ,Kiitu»!ioi  liiai  tlio  mu-mi 
Ih’I  appo.us  oiu'sv-  finl  ihofM  •'  nniloi  K  in  o  nualkal  (.ondf’U'ii  that  i.au''Os  ohos!«\  i  \I  R  Ifa' 

Pi  or  pro\oi:ts  \sv-i;:h!  l-'ss  a-Iiiio 

<*.  bitnoNN  ^  X  iiliiation.  \i  loasi  .in  annn.i)  r'xont  (on-sistino  ot  \\\c  I  ■'  nnU  lan  or  ' 

Mil )o  x'- al k . 


I  iirthoi  inhumation  sOiKormno  this  jooul  ition  can  bo  obiainod  iii-m  ibi  Pi  \l 

(d-  !lii  MR  f  (  >R(d  Ho.idquaitots  I  S  Air  I  ..k  o.  W  .ishmoliMi.  P  ( ’  pPhi-'idi'i 


'\rr/:M)ix  a 


y-is 


f.  Kitness  Imprjjv emeiil  I  ralniny  (FIT)  Projjram.  A  -  iiabihiaiivc  program  ihai 
iiiL  link's  an  c'vCK  ISC  rcijinicn  lor  rncinhcr'^  whi»  are  noi  prepared  lor  or  \^ho  do  n<M  su^'  esslullv 
>.i'nipleU'  ilieir  tiincss  e\.aiiiatton  Placenienl  in  ihiN  program  tor  a  minimum  nt  ■()  davs  is 
mandators  l-.Mensioii  beyond  ^H)  da>s  is  at  the  unit  commander's  discretion. 

g.  Desired  Bod>  Weight.  The  ueight  at  vshich  a  person  is  the  heahhiesi  and  should 
liave  the  besi  litc  e\jiectanc\.  Desired  vseight  is  approximalelv  lO  percent  oi  more  below,  ihe 

i.uiMmum  aliossable  sseighl. 

h.  Maximum  Alhmahle  V\ eight  (MAW  ).  .An  induiduars  maximum  allow. able  sveighf 
as  required  h>  Air  (airee  sseighi  lahles  raliachmenis  2  or  or  as  adjusted  based  on  an  ap¬ 
prised  hods  la!  measLiremeni  or  sseighl  ssaiver 

i.  MAW  Standard  Adjustment.  An  adjustment  to  the  M.WV  statiiard  May  be  either 
an  approsed  Hl-M  or  sseight  ssaiser. 

j.  Medical  Practitioner.  A  physician,  or  a  phssieian  assistant  nurse  or  nurs.; 

piaelUioner  'NPt  working  under  a  physieian's  supervision,  ssho  is  authori/ed  to  certifs  the 
indisidiial's  sseigfu  condition  is  controllable,  the  bods  lai  measurement  ssas  fuoperly  adminis- 
lered.  atid  p  oside  a  determination  ot  elinieal  obesity ,  May  recommend  entry  into  i  sate 
even,  ise  program, 

k.  Monthly.  Ciilendar  month.  ,>r  period  ot  time  Irom  .ms  das  of  the  month  to  ih  - 
^ I'nespondmg  das  o  the  next  mondi.  Periods  of  approximately  .h)days 

l.  Ohsersation  Period  (Weight  Management  Program  (WMP)  Phase  III.  Phase  II 
indieaie-'  Ihe  member  tias  met  iiis  or  her  MAW.  During  this  b-monih  perttul.  'he  member 
eoniiniK's  iiiontiils  ssetdti  cheeks  .uul  diet  eounselmgs  to  reinforce  a  healihs  lilcsis!e.  PDS 
vode  .V 

in.  Oserfat.  A  eondilum  eh.iras leri/ed  most  .leeuralels  by  the  exeess  body  fat 
‘T  more  rouehls  rn  bods  sseighi  exceeding  the  M.AW  aeeordmg  U*  Air  Porce  standards  of 
weight  As  used  in  tins  direstise,  oserfai  refers  t<*  the  c“ndi:ion  sshieh  exists  sshen  the  body 
tvit  exceed'  2n  perseni  lor  men,  .ige  Jd  sears  .uul  under;  .4  percent  for  men.  .'d  years  and 
user,  ."n  peieem  tor  ssomen.  age  years  and  uiiiler.  percent  lor  ssomen.  .'d  years  ar^d 

os  ei 

n.  Oscrvxtight  Indisidual.  An  nulisidual  sshosc  sseighi  exceeds  the  M  AW  tables  or 
.Ml  appo  sell  lUM  or  sserelu  ssaisei  .idiustmenf 

o.  Physical  Fitness.  I  lie  ability  to  lapults  iranslorm  stored  energy  mio  ssork.  The 
.ihilns  t.i  do  dads  tasks  ctticiently.  ssuhoul  undue  latigue.  and  fuise  ample  energy  tetnaming 
toi  [iidiiais  eoMiiiigencies.  emergencies,  iiml  leisure  lime  pursuits. 

p.  AF  Form  422,  Physical  Profile  Serial  Report.  According  to  .Al  K  lbd4  v  Medical 
I  xaininatioii  .ind  Medic.d  St.mdards.  an  AP  Porm  422  i'  used  for  eommumcatmg  inlormation 
Iioui  a  rncdicid  l.ieilils  to  personnel,  command,  .iiul  liiuning  authorities  Describes  the  exam 
inee  '  condition  in  nonleshniea!  terms,  am)  is  iiseil  for  noting  diils  resinelions  and  assignment 
Innilatiins 

q.  Personnel  Data  System  (PDS).  A  computer  system  to  vertiealls  floss  and  update 
pe'soiHiel  mlorm.iiioM  froni  the  base  personnel  file  to  Headquarters  .An  f-oree  personnel  tile. 

r.  Probation  Period.  .A  )  sear  period  ol  tunc  following  removal  from  the  WAIP 
(  oniin.mdefs  and  supers  isnrs  nicUriiani  doeumenlalion  on  ifuhviiluals  sxho  sueeesstulls  com¬ 
plete  itie  W All’  Doeumenlalion  indicates  previous  WMP  participation  and  is  niiniitamed  lor  1 
seal  iiom  the  dale  Ihe  niemhei  is  removed  ln>m  WMP.  PDS  cinle  7. 

s.  Satisfactory  Progress.  WeiglU  loss  of  at  least  T  pounrls  eaeli  moiidi  lor  women  .md 
f’ounds  e.K  ti  m mth  tor  men.  PDS  cmie  I 

I.  1  cniporary  Medical  Deferral.  A  temporary  deferral  Irom  a  Irtness  es.tlu.nion.  1  1  1  . 
AMI’  or  0(1  d. IS  exerei  e  iHogratn  lor  doeumented  i.icdical  reasons.  Recommended  tn  a 
niedK.il  praclHioner  .iiid  approved  oi  disapproved  bv  the  unit  eoinmandcr.  .Approved  or  resal 
'dated  h\  the  unit  commander  m  meiemerils  not  to  exceed  b  months.  PDS  code  loi  AA1I' 
delerr.il,  onis 
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u.  I  nit  Kitness  V*ro}»rain  Manager.  An  mtlivulua!  sclcctcii  by  ihc  iinn  ctuninand.i  to 
asM'-i  and  adsisc  ihc  umi  oininaiulcr  rouardini:  the  unit  litness  projirant  resp4>nMbilities. 

\.  (.  nil  V\  eish(  Program  Manager.  An  nulividual  selected  by  iht  unit  contntiimler  to 
asMNt  and  ad\ise  il'.e  unit  tuminander  regarding  v'Cight  program  responsibilities. 

I  nsatisfaclory  Progress.  FaiUire  to  lose  ^  pounds  each  month  lor  vsomen  and  5 
[XHHids  e.ich  month  tor  men  uhile  in  Phase  I.  or  a  weight  gam  over  an  individual's  MAW  at 
an\  time  itunng  Phase  II  or  while  in  the  probation  period.  IM)S  code  2. 

\.  Weight  Management  Pr<»gram  |W  V!P).  A  rehabilitation  program  designed  io 
assist  (ner\^ eight  indisiduais  in  obtaining  saiislaclory  vseighi  loss  in  order  lo  meet  Air  Force 
standards.  While  in  t’.ie  WMP.  members  will  'Acigh  monthly,  receive  reeiirnn^  <iiet  c<ujiiscl- 
ings,  ami  a  '•><)  da\  exercise  program  to  complement  their  vxeighi  U'  s  program. 

y.  Weight  Program.  A  program  tor  all  Air  Imiee  members  that  establishes  Air  FDrce 
^tandalds  ol  v'k eight  and  pianides  a  rehabditation  prvigram  lor  th«>se  who  are  riol  v^nhm  sta/j- 
dards. 

/.  Weight  Waiver  Adjustment.  .\n  upward  adjustment  to  a  member  s  M.xW  ap 
[iroved  h\  the  base  commander.  .Medical  praciiuoner  determines  member  is  not  clinically 
i)Fese.  unit  eonmutnder  iletermmes  member  presents  a  protcssiona!  military  appearance,  and 
base  command  n  approves  or  disapproves.  PDS  code  4, 

S()(  KC'Fd  ■'\F  Pegulaiion  .V'x-ll.  pp  :s-b. 
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MR  l-()R(  F  WKHJHT  PR<)<;R.\M 
'section  A — The  Weight  Pntgram 

2-1.  Introduction.  1  lie  Amerkan  pubik  and  its  elected  representaiives  draw  certain 
conclusions  on  mditarv  eff'osdveness  based  on  the  appearance  presented  by  Air  Force  mem 
beis  I  here  must  he  no  doubt  Air  Force  ntcinbcrs  live  by  a  cmnmon  standard  and  are  respon¬ 
sive  to  imlitaiv  onler  and  discipline.  ()t>esiiy  detracts  trom  military  appearance  and  weight 
m  inaLiemeni  is  linked  lo  sell  image  and  sell  esteem,  d’he  gmiN  ol  the  .Air  Force  Weigfit 
(^rtigiam  iiklude  encouraging  an  overall  healthy  Iilestyle  and  ini(>rovmg  military  appearance 
.md  [lersiMi.ii  readiness, 

2-2.  f  hc  eight  Program: 

.1.  Weiehl  managenien'  is  an  individual  resp(»nsjbilii\  and  applies  lo  all  Air  I'orcc 
members  Reaching  and  maintaining  a  desired  b«)dv  weight  is  medically  advised  Weight 
reduction  normallv  redikes  high  blotnl  pressure,  improves  blood  suga.  unli/aiion  and  often 
decreases  i-vsesvive  blood  Fits  assiiciated  with  coronary  artery  disease.  Military  members  mu'.l 
have  the  fdivsicd  iiml  mental  stamina  ti>  deal  with  the  stress  of  militaiv  life  while  functn'rong 
at  peak  cltkieikv  i’oor  weight  man.igcnient  can  negatively  allect  Ilexibility.  mobility,  and 
endurance,  and  iliereby  impact  .Air  Force  readiness,  therefore,  weight  management  n  a  vital 
i’.srf  111  lUir  pe.tcelime  prepciraiion  tor  combat  readiness  All  Air  Force  members  must  be 
picparcd  loi  worlilwide  military  operations  and  conimgencies.  Fhe  .Air  Foue  Weight  I’rogram 
ol>|Ck  lives  viie  to: 

I  I  t  l.siahlish  a  uniform  system  tor  weight  management  for  .Air  Force  people 

'2'  pKividc  stand. irds  which  enhance  the  attainment  and  retention  ot  good  health 
.ind  [di V  nk  al  f  itncss 

I  I  nhance  the  overall  appear. tnce  and  eflectiveness  ol  the  military  organi/alion 
b  Ihc  WMF  is  a  rehabilitative  program  loi  members  who  are  not  within  tlie  weight 
■.tand.ioF  dcimed  b\  this  rcgul.itton  I  he  <»b)estives  the  rehabilitation  program  are  to 
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(  i  )  Provide  rchabiliiative  counseling  using  available  base  resources  and  t'acilitics: 
(2)  l.ncourage  sate  weighi  lo>s  and  developnieni  ot  a  healthy  litestyle; 

(M  Provide  eomnuirulers  a  tool  to  evaluate  a  member’s  progress  on  a  monthly 

basis;  anti 

(4)  Provide  commanders  options  concerning  administrative  action  for  WMP 
participants. 

Weight  management  is  a  continuing  process  that  requires  a  healthy  lifestyle  to 
promote  productivity  ana  efficiency.  Hach  Air  Porce  member  is  responsible  for  developing 
and  maintaining  a  litestyle  tini  includes  a  properly  balanced  diet  and  an  effective  physical 
i-onilitiOMing  program.  Such  a  lifestyle  will  support  our  profevsion  and  the  objectives  of  this 
rcgul  'lion.  T  he  success  of  this  program  requires  the  personal  effort  from  each  Air  Force 
member  aiul  the  support  from  commanders  and  supervisors  at  all  echelons. 

SOl  RCf-:  \\-  Regulation  .H-l  1 .  p  X 


2-13.  Individual  Responsibilities,  (he  individual  is  responsible  for  keeping  his  or  her 
weight  within  the  established  Air  Force  standards  of  weight,  maintaining  a  safe  and  proper  diet 
rcginicn  and  participating  in  a  ycar-rouiul  conditioning  program  that  complements  the  weight 
program  goals  and  i'b|cMtves,  Members  m  the  W-’M!’  must  meet  the  monthly  weight  loss 
siandaid  and  make  cverv  effort  to  be  within  the  appropriate  Air  Force  standard  of  weight  by 
the  date  established  by  (he  unit  vonirnander.  Establishment  of  a  retirement  date  doC'  not 
relieve  tlic  member  of  itu.  responsibility  to  meet  mission  requirements,  nor  does  a  leiiremeni 
d.itc  iiistily  retaving  Am  f  virce  standarrls.  Just  as  importantly,  a  membei  s  rciircmeni  date  dots 
not  relieve  commanders  or  supcrvis4>rs  of  the  responsibility  ot  enforcing  standards  or  of  otter- 
mg  quality  reh.ihiliiaiiv  e  support.  I  he  member's  health,  well-being,  and  personal  readiness  arc 
import. mt  (hrouglioui  militarv  service  and  into  rctiiomcnt  since  members  remain  subject  to 
rccaM  tor  national  emergencies 
SOI  RC'F:  \F  Regulation  ^v|  I  p.  I  i 


Section  <  — Weight  Standards  and  Maximum  Allowable  Weight  (MAW)  Standard 
Adjustments 

2-I5.  Weight  Standards.  ImlividuaK  are  responsitde  for  keeping  ihcir  weight  within  the 
prescribed  weight  st.md.irds  Weight  i.ihics  define  standards  (attachments  2  and  0.  Weight 
vhcvks  fof  .ill  pcisoniic!  arc  necessary  to  ensure  compliance  with  Air  Force  siandards  and  to 
idcniitv  and  .issisi  people  wlui  cvcecd  standards.  .Air  Force  body  fat  standards  are  20  percent 
tor  men  2't  veais  and  under.  24  percent  tor  men  ^0  years  and  over;  2b  percent  for  women  20 
and  under;  per».eni  1m  w(>jnen  .M)  years  and  over.  Members  who  are  identilied  as  over- 
wciglii  or  ovcrtai  are  entered  into  the  W'MP  to  help  Ihem  safelv  lose  weight,  achieve  a  profes¬ 
sion. il  mitilarv  appearance,  and  ultimately,  comply  with  Air  Force  standards. 

2-16.  Maximum  Allowahle  Weight  (MAW)  Standard  Adjustments.  An  adjustment  to 
(lie  M.AW  staiiilard  may  he  eilher  an  appioved  HFM  or  weight  waiver.  Members  who  exceed 
ihe  wcielit  (able  siuiuiard  may  be  overtat  Members  who  are  within  the  weight  lable  standard 
niav  he  overtat  To  allow  tor  these  situations,  two  methods  are  available  to  commanders  to 
adjUNi  a  member's  weight  stanuard 

a.  Hodv  Fal  Measurement  Adjustment.  Ihe  unit  commander  is  the  approving  offi 
i.cr  tor  lU  \1  .idjiisirnents  A  h«>dv  lat  measurement  ad|usimcnt  may  be  approved  for  a  person 
vvhu  ev«.ccds  ihe  MAW,  hut  piesents  a  professional  military  appearance.  In  this  insiaiuc.  the 
'ndividiial  mav  rcMjuire  an  upw.ird  adjustment  (»l  the  M.AW.  Conversely,  an  individual  who  is 
^viihin  ihc  weight  standard,  hut  does  not  present  a  professional  military  appearance,  may 
require  i  downward  aiijustment  of  the  MAW'.  Fhe  unit  commander  may  <lo  a  RFM  within  the 
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unil.  (ir  request  a  Bt  M  be  perlurmerl  as  part  o(  a  medleal  evaluatuiii.  Procedures:  Involvement 
ol  a  medical  practitioner  is  at  the  unit  commander's  discretion.  I'pon  receipt  of  a  medical 
recommendation  or  after  completing  the  BFM  in  the  unit,  the  unit  commander  establishes  the 
member's  MAW  by  using  either  the  tables  at  attachment  2  or  or  the  BKM  results  at  attach¬ 
ment  4  7he  commander  should  consider  personal  appearance  and  if  provided,  the  medical 
practitioner's  recommendation,  when  establishing  the  MAW' 

b.  Weight  Waiver  Adjustment.  The  base  commander  is  the  approving  authority  tor 
weight  waiver  ad|ustmenls.  .A  weight  waiver  adjustment  may  be  approved  for  people  who 
exceed  their  MAW’,  are  not  clinically  obese,  present  a  professional  military  appearance,  and 
the  BI  M  does  not  adequately  adjust  their  MAW  Procedures:  The  unil  commander  relers  the 
member  to  the  medical  practitioner  for  a  clinical  obesity  evaluation.  The  medical  practitioner 
responds  to  the  unit  commander  staling  the  member  is  or  is  not  clinically  obese  and,  it  consul 
ered  appropriate,  recommends  a  MAW  standard  adjustment.  The  unit  commander  emlorses  the 
medical  evaluation  to  the  base  commander  recommending  approval  or  disapproval  I  he  base 
ctimmander  establishes  the  member's  MAW  based  on  the  medical  practitioner's  and  unit  com¬ 
mander's  recommendation,  or  disapproves  the  request.  The  decision  is  returned  to  the  mem 
ber's  unit  commander. 

c.  .M.AW  Adjustment  Procedures.  The  unit  commander  advises  the  member  and  the 
member  s  immediate  supervisor  of  an  approved  or  disapproved  M.AW'  adjustment.  If  the 
member  is  not  m  the  W'MP.  the  unit  weight  program  manager  reports  an  approved  M.-\W 
adjustment  (code  4)  to  C'BPO/OPMQ.A.  If  the  member  is  m  the  WMP.  the  adjustment  does  not 
excuse  the  member  from  completing  the  WMP.  Members  in  the  W'MP  must  progress  through 
the  A-month  observation  period  (code  .4|  and  l-year  probation  period  (code  7t  before  the 
adjustment  is  reported  to  the  PDS  as  code  4.  Individuals  with  approved  MAW  adjustment,  are 
weighed  at  least  semiannually  and  the  adjustment  is  revalidated  semiannually  by  the  unit 
commander.  Approval  and  semiannual  reviews  of  the  MAW  adjustments  are  recorded  on  the 
,-\F  I'orm  .^74  and  reported  to  the  C'BPO/DPMQA  for  PDS  update.  Should  the  member  exceed 
the  approved  MAW  adjustments,  the  member  is  entered  into  Phase  1  of  the  WMP  and  is 
reported  accordingly.  The  unil  commander  may  reevaluate  either  M.AW  adjustment  at  any 
lime  Based  upon  the  recommendation  of  the  medical  practitioner  and  (or)  an  unacceptable 
military  appearance,  unit  commanders  may  revoke  a  BI-'M  adjustment  any  time.  Unil  com¬ 
manders  may  also  recommend  a  weight  waiver  be  revoked  by  the  base  commander  at  any  lime. 
Members  and  their  immediate  supervisors  are  advised  in  writing  of  any  change  to  the  mem¬ 
ber's  MAW  adjustment. 

2-17.  Appeal  Procedures  for  M.AW  Adju.stment.s.  ,A  member  may  appeal  a  decision  to 
approve,  disapprove,  or  revoke  a  MAW  adjustment. 

a  The  wing  or  equivalent  commander  is  the  final  approval  or  disapproval  authority  for 
MAW  adjustment  appeals  The  wing  commander  may  act  individually  or  by  case  file  review, 
by  individual  presentation,  or  may  convene  an  appeal  council  of  officers  for  determination  of 
proper  disposition  of  the  appeal  An  appeal  council  of  officers  may  be  created  on  an  ad  hoc 
basis  If  the  appeal  council  option  is  elected,  the  wing  conimamler  (or  representative)  is 
responsible  for  selection  of  members  and  establishing  council  proccduies  The  wing  com¬ 
mander's  final  decision  is  sent  by  letter  to  the  individual's  unil  commander,  who  informs  the 
individual  and  supervisor.  During  the  appeal  the  WNP  participant  is  weighed  monthly,  but  is 
not  subject  to  administrative  action.  Appeal  procedures  arc  outlined  below: 

b.  The  individual  initiates  an  appeal  m  writing  (attachment  14)  to  the  wing  commander 
through  the  appropriate  chain  of  command  within  10  duly  days  after  notification  of  the  MAW 
ad|ustment  decision  (attachment  l  .f)  All  appeals  must  include  indorsements  of  the  immediate 
supervisor,  unit  commander,  and  the  base  commander  if  unusual  circumstances  warrant,  such 
as  temporary  duty  (TDY).  hospilali/ation,  emergency  leave,  the  10  workday  suspense  may  be 
adiiisied  by  the  unit  commander  accordingly 
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c  I  he  iinil  eonimaiuicr  proviilos  ihc  Jollov^ing  JiKuincrKs  as  a  par!  nl  ihc  appeal 

apphcvitimi 

f  I  )  WMl*  ease  tile 

<2i  C  urrent  ree<>ri.is  reMCv^  Report  on  lintiVKiual  Rersoniie!  (RIRi 

( )  Copies  ol  last  thiee  ARRs  im'  OI  RS 

(4)  Cop\  ot  Xl-  horin  1147.  l  nta\t>rable  Inlormalmn  Rile  Surnniars.  il  appheabie 

1^1  I  nit  personnel  h»liler  tit  applitablei  The  RIR  ainl  etrpics  of  last  three  APR  or 
OHRs  uill  be  pro\uk\l  to  the  unit  eomniaiitler  b\  CHP()/Mihcar\  Personnel  iDPM)  upon 
request 

Section  I) — Weight  Program  Requirements 

2-18.  Weight  Program  Requirements,  (he  MAW  tables  (aiiaehnienis  2  and  4)  by  nt> 
itieans  retleet  individuals'  (iesircd  \seiizht  but  rather  their  "nuixinuiii)  allowable  weight.'*  De¬ 
sired  weight  IS  the  weight  at  which  a  person  should  have  the  best  hie  expeetanev.  Desired 
bods  weight  is  usiialls  determined  iiuhv idually.  depending  upon  the  person's  bone  structure 
and  muscle  mass  As  a  rule  ol  thumb.  !h  percent  below  individual's  MAW-  Uu  height  more 
closel)  appri'Mir.ates  his  or  her  dcsireil  weight  as  calculated  bv  the  accepted  height  and  weight 
charts.  Maintaining  a  desired  weight  is  medically  prudent.  The  weight  program  requirements 
appi>  to  all  Air  Force  members.  Ihere  are  no  exceptions  for  flying  personnel  under  the 
provisions  ot  this  regulation.  Flying  personnel  who  are  determined  overweight  by  the  unit 
commander  arc  referred  to  (he  servicing  flight  surgei>n  hir  medical  evaluation.  The  flight 
surgeon  decides  if  the  overweight  condition  is  a  threat  to  flying  safety,  member's  flying  status, 
and  lorwards  appropriate  documeniaiion  and  recommendations  to  the  servicing  flight  manage¬ 
ment  olficer  and  unit  commander  The  flight  surgeon  then  relers  members  to  the  DBMS 
appointed  medical  f)f’R  tor  the  base  weiglii  program  for  evaluaiuin  for  possible  entry  into  the 
WMP 

2-19.  Weight  Checks,  Height  Measurements,  and  Scale  Calibration: 

a.  Weight  Checks.  Xir  Force  members  are  weighed  semiannually  during  the  months 
of  January  and  July  Flowever.  members  who  are  10  percent  or  nmre  under  their  MAW',  only 
require  an  annual  weight  check  Cnit  commanders  and  supervisors  may  weigh  members  as 
often  as  deemed  necessary;  tor  example,  il  they  believe  a  member  exceeds  the  weight  standard 
and  ion  does  not  present  a  pndessu»iuil  military  appearance,  a  weight  check  may  be  required. 
FAent  related  weight  checks  tlor  example,  weight  checks  prior  to  PMF.  TDV  or  PCSi  occur¬ 
ring  in  January  or  July  may  saiisly  the  semiannual  or  annual  requirement  For  specific  weight 
check  procedures,  see  attachment  1.  paragraph  a. 

b.  Height  Measurements.  A  member's  official  height  is  determinet)  at  the  command 
cr's  first  directed  weigh-in  after  the  member  arrives  PCS  or  the  unit  caimmander  may  elect  to 
use  the  height  from  the  individuars  last  official  physical  exam.  The  official  height  is  docu¬ 
mented  on  AP  Form  ^79  and  may  he  used  for  the  duration  ot  the  member's  assignment  to  the 
installation.  Tnit  commanders  may  remeasure  a  member's  height  if  deemed  necessary  .  F  or 
specific  height  measurement  procedures,  see  attachment  I.  paragraph  b. 

c.  Scale  Calibratiim.  Scales  should  be  calibrated  every  12  to  \f>  months.  (Reference 
AF TO  44K  I  100  )  Movement  of  scales  should  he  avoided.  I^lacemcnt  of  scales  on  noncarpel 
ed  surface  or  plexiglass  is  recommended. 

2-20.  Permanent  Change  of  Station  (PI'S)  or  Permanent  (Change  of  Assignment  (PC A) 
Procedures.  In  addition  to  the  semiannual  or  annual  weight  checks,  members  will  be  weighed 
uptm  receipt  of  PCS  notification  and  prior  to  PCS  departure. 

a  I  port  notification  of  PC’S  assignment,  losing  commanders  ensure  each  member, 
whether  or  not  m  the  W’MP.  is  weighed.  Another  weight  check  is  conducted  NEH  45  and  NF.  I 
^0  days  before  projected  departure  date.  Members  in  Phase  !  of  the  W'MP.  regardless  it 
progression  in  satisfactory  or  unsatisfactory,  are  removed  trom  assignment  unless  making  a 


iiKiiulaii'i  v  nio\e  acLordinj!  lo  Al  R  (‘)-l  I  or  AI  R  I  hc  uiiil  commander  viill  immcdiale 

1>  III  tit\  CBI’O  Oiiihouiid  Assieniiients.  IVrsonnel  I  llli/allon  Section  iDPMl'Ot  and  C'BPO/ 
DPMQA  it  a  meniher  is  entereil  into  Phase  I  ol  the  WPM.  Viembers  mav  become  eheible  tor 
PCS  assijmmem  when  entered  into  Phase  II  of  the  WMP 

b  PC  A  reassignment  tor  members  m  the  WMP  is  permissible  when  losiiij;  and  painiri;; 
linn  coninianders  are  in  aereenieni  and  rehabilitative  ellorts  are  not  interrupted 

c.  No  earlier  than  4S  days  and  Nl.T  vO  days  before  PCS  or  PCA  reassiennieni  pro|ect- 
ed  departure  date,  the  losine  unit  will  provide  the  eainine  unit  commander  the  WMP  case  file 
by  transmiilal  letter.  The  relocation  processing  letter  (see  .APR  f.S-17.  attachment  ’)  will  he 
sonipleted  and  returned  lo  CBPO/DPMCO  by  the  established  suspense  date 

d  Conimarulers  ot  the  losing  and  gaining  units  will  correspond  with  each  inher  to 
resolve  c|uestions  concerning  individuals  in  the  WMP  Information  copies  ol  such  correspon 
deuce  are  addressed  to  the  parent  base  or  M AJCOM/DPi  MPi. 

e  Ciaintng  commaiuiers  ensure  members  in  the  W.MP  are  weighed  upon  arrival  and  the 
Al  lorm  is  annotated.  Weight  cherks  of  all  other  personnel  upon  arrival  are  al  the 
discretion  ol  the  gaining  unit  coniniander. 

2-21.  Temporary  Duty  (TDV)  Procedures: 
a.  (ieneral  Policy: 

(  I  I  .A  member's  I  DY  eligibility  may  be  aflected  by  his  or  her  WMP  status,  PAcepi 
where  specilied  below,  unit  commanders  (lelerniine  ‘PDY  eligibility.  TD'i'  and  parent  unit 
commanders  will  comiminicaie  directly  regarding  member's  status  ni  the  WMP,  Personnel  are 
not  automatically  excluded  from  mobili/atioti  deployment,  military  or  operational  exercises 
because  they  are  in  the  WMP  or  making  unsatisfactory  progress. 

(2l  I  O'!  unit  commanders  have  the  authority  to  enter  personnel  in  the  WMP,  mom 
tor  progress  and  take  administrative  action  concerning  'PDY  members  who  arc  in  the  WMP  or 
who  are  found  I'verweight  and  must  be  entered  in  the  WMP. 

i  .'i  Personnel  who  have  an  approved  BP'M  or  weight  waiver  atijustment  will  hand- 
cany  a  copy  ot  the  approved  adjustment  documentation  to  the  TOY  unit  coiiimandcr. 

|4|  If  III  the  Vi'MP,  a  copy  of  .Ap  poriii  4d,f  will  be  hand-carried  by  the  WMP 
participant  to  the  1  i)Y  unit  commander 

h.  Command  Support  IT)V.  (dniiiiand  support  TDY  is  considered  a  TDY  to  attend  a 
conlerence.  meeting,  workshop,  manning  or  staff  assistance  visit  or  an  orientation.  Command 
support  and  l•..lrnlal  mission  requirements  will  be  al  Ihc  unit  commander's  discretion.  Person¬ 
nel  in  the  W  MP  making  satisfactory  progress  must  be  closely  scrulini/cd  by  the  unit  com¬ 
mander  before  final  selection  is  made  and  orders  processed.  Personnel  in  the  WMP  making 
unsatisfactory  progress  should  not  be  allowed  lo  attend  a  command  support  TDY  The  unit 
coniniander  may  send  the  member  4DY  with  M AJCf)M/DP( MPl  concurrence. 

c.  Professional  Military  Kducation  (PMKI.  (.See  AP’Rs  SO  and  S.f-X  i  Cnit  com 
nianders  weigh  members  selected  for  PMP.  Nl.T  .4  weeks  before  projected  departure  date 
Members  who  are  not  within  weight  standards  are  ineligible  to  attend  PMK  PMP.  selectees 
who  do  not  nicci  weight  standards  will  be  reported  as  ineligible  lo  the  CBPO,  Classification 
and  Iraining  I  nit.  Career  Progression  Section.  (DPMPC)  with  information  copy  to  (  BPO/ 
DPMQA  Students  who  arrive  at  PMP.  schools  overweight  are  returned  to  the  parent  or 
proiccted  unit  at  the  parent  unit's  expense.  Members  returned  arc  entered  into  the  WMP  initial 
entry  (code  b)  or  the  observation  period  icode  fi,  whichever  is  appropriate.  Administrative 
action  IS  appropriate  See  paragraph  2  20  for  procedures  for  PMP.  which  require  PC'S  assign 
nients, 

d.  Relrainin)>.  Airmen  m  Phase  I  of  the  WMP  are  ineligible  for  voluntary  retraining 
isiich  as  (  ARliPRS  and  Palace  Balance,  reference  APR  W  4). 

( I  1  Airmen  will  he  weighed  by  the  unit  manager  upon  receipt  of  approved  retraining 
and  again  within  10  days  before  projected  departure  date.  Retrainecs  not  meeting  APR  4.k  I  I 
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^Kirulanls  arc  incliiiihlc  tor  \oluMtar\  reliaining.  will  not  be  permitleil  to  depart  tor  training, 
ami  will  be  entered  into  Phase  I  ot  the  WMP.  Such  reirainees  must  be  reported  according  m 
AI  K  W.  table  2  2 

i2i  Retrainees  arriving  at  the  TDY  location  in  a  TU Y'-and-return  status  who  are 
overweight  as  defined  bv  this  reguialit>n  will  be  reported  to  HQ  Af-'MPC  Directorate  oi  Pro¬ 
curement.  Pipeline  Management  and  Retraining  Divisioiu  Retraining  Operations  Branch  (MPC'MSRi 
tor  disp«>sition  instructions.  (P'or  retrainees  attending  Headquarters  Air  Training  C'ommand 
I  \  i(  i  condikteii  courses,  tiuward  an  information  copy  of  the  message  to  HQ  ATC  Student 
Resources  Division,  Technical  1  raining  (TTPR)  and  Personnel  Actions  Division  (DP.A.A)). 
Include  all  pertinent  intormation  available  to  help  in  the  decision  process.  HQ  Al'MPC/ 
MPCMSR  will  tt^rward  disposition  instructions.  TDY'  en  route  and  FH'S  student  retrainees  will 
be  handled  as  outlined  in  paragraph  ei.'vi  below. 

e.  Formal  Training  (  areer  Fnhancement.  All  members  selected  to  attend  a  training 
course  (formal  naming,  speciali/aiion  and  qualification  training)  will  he  weighed  bv  the  unit 
m.inager  upon  receipt  of  the  approved  training  nonce  trom  the  (’RPO  and  again  within  10 
woikdavs  before  proieclcd  departure  dale.  II  found  overweight  at  the  10  workday  weight 
check,  the  member  will  be  placed  in  the  W.MP  before  departure.  Members  making  satisfactory 
progress  arc  eligible  for  training  except  as  indicated  in  paragraph  c  and  d  above.  Members 
itaking  unsuOstactorv  progress  are  ineligible  for  training.  If  a  member  is  making  unsaiisfac 
lorv  progiess  m  the  WMP  and  is  the  only  member  eligible  to  satisfy  the  allocated  training,  the 
unit  commander  niav  send  the  member  TDY  with  MAJ(’(>M/DP  (MP)  concurrence  MAJ- 
(.'()M,,d)P  iMPi  is  strongly  encouraged  i<>  relevy  the  training  quota.  If  the  M.AJCDM  approves 
the  member  to  attend  schoid  in  an  unsatisfactory  progress  condition,  liie  member  will  hand- 
carrv  a  ci'pv  ot  the  approved  MAJC’OM  correspondence  to  the  TDY  unit  commander. 

(  I  I  TDY  personnel  will  be  weighed  upon  arrival  at  the  discTeiu>n  of  the  TDY  unit 
comma  ruler 

I  2)  I  pon  arrival  at  the  TDY  location  if  a  member  is  making  unsatisfactory  progress 
in  tfic  WMP,  or  is  tound  overweight  and  not  in  the  WMP.  the  member  is  not  entered  into  the 
training  course  and  is  returned  at  the  parent  unit’s  expense.  Additionally,  the  TDY  umt 
commander  will  notify  the  parent  unit  or  base  commander  and  COM/DP  (MP)  of  the  member's 
grade,  name,  .S.SN,  and  other  relevant  information.  Upon  the  member's  return,  the  unit  com¬ 
mander  will  enter  the  member  into  (he  WMP.  initial  entry  (code  b)  or  observa*'  ''  period  (code 
U,  whichever  is  appro(>riate  and  take  appropriate  administrative  action. 

Members  weighed  daring  the  (raining  course  and  found  (o  exceed  the  weigh( 
standard  are  placet!  into  the  WMP  by  the  I  DN  unit  commander  Progress  is  monitored  and 
apfiropnaie  administrative  acinxi  is  taken.  Ihe  servicing  ('BPO.  parent  base  and  unit  com¬ 
manders  will  be  aitvised  of  member  s  placenieni  in  the  WPM.  and  the  member  will  hand-carry 
the  I  DY  WMP  case  file  to  the  parent  unit  cmnniandcr  upon  return 

(4)  II  a  member  is  weighed  during  the  training  course  and  is  found  to  be  making 
uiisaiisfuctory  pri>gress  m  the  WMP,  the  TDY  unit  commander  will  take  appropriate  adminis¬ 
trative  action.  In  aildiiion.  the  TDY  unit  commander  will  noiify  the  parent  unit  or  base 
ctunniander.  and  parent  MAJ(’()M/DP  <MP)  that  the  mdividua!  is  making  unsatisfactory  progress 
and  that  administrative  action  has  been  lakcn 

' '  Personnel  ]  DY  en  route  PC’S  wh(»  arc  determined  overweight  and  not  in  the 
WMP.  or  on  a  mandatory  move  and  found  unsatisfactory  in  the  WMP.  are  reported  by  the 
IDY  commander  to  the  gaining  MAJCOM/OP  (MP,'.  and  the  base  and  unit  commanders  In 
.uldiiion,  an  information  copy  will  be  forwarded  to  HQ  AFMPC  Directorate  of  Assignments. 
Assignment  Policy  Section  (MPC’RPPl)  These  personnel  will  be  allowed  to  complete  the 
s<  hedulei)  training,  however,  the  TDY  commander  and  gaining  unit  commander  will  communi- 
t.aie  tiirecflv  with  each  other  to  determine  the  appropriate  rehabilitative  and  administrative 
action 
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Section  K — Weight  Management  Program  tVVMPj  and  Related  Information 

2-22.  VNeight  Management  Program  tW'MP)-  Phe  WMP  is  a  rchahiliiativc  program 
ihai  consists  of  f*hasc  I  (initial  cnirv  and  weight  loss  period)  and  Phase  II  (ohservation  period). 
Ihe  probation  period  is  a  follow -on  K)  the  WMP  and  is  not  a  part  of  the  W  MP,  Individuals 
who  exceed  the  MAW  are  sent  to  DBMS  by  the  unit  commander  for  medical  evaluation 
Medical  exuluation  procedures  are  outlined  in  APR  160-17.  and  will  be  completed  within  10 
wiirking  davs  from  the  date  the  member  acknowledges  receipt  of  the  unit  commander's  notifi 
canon  letter  of  WMP  appointments  (attachment  !0»,  The  designated  DBMS  representative  will 
esaluate  each  member  to  determine  clinical  obesiis.  if  sale  weight  loss  can  occur,  and  if  entry 
into  a  0l)-(ia\  exercise  program  is  leasible.  The  DBMS  representative  will  perform  a  BPM.  if 
deemed  appropriate,  or  the  unit  commander  requests  one.  iBPM  generally  is  not  required  if 
the  indiNiilual  is  more  than  10  to  15  percent  above  M.AW.i  Results  of  the  medical  evaluation 
vil!  he  provided  to  the  unit  commander  (aliachmenl  1).  Diet  counseling  will  be  provided  by 
the  a)'pri«priate  medical  representative  !*>  define  a  weight  loss  program  that  will  not  adversely 
aftcc!  the  member's  health  and  will  assist  his  or  her  meeting  the  MAW'. 

2-23.  Phase  I  (Initial  Knlry  and  Weight  l.oss  Period).  On  receipt  ol  the  DBMS 
evaluation,  the  unit  commander  will  enter  the  member  into  the  WMP  if  the  individual  is 
overweight  or  ovcrfai.  Ihe  unit  manager  weighs  the  member  after  the  medical  evaiuati(>n  and 
records  the  weight  on  ihc  AP  Porm  .^^>5  to  ensure  an  aecuraie  entrv  weight  is  docunicnicd  The 
unit  commander  will  inform  the  member  in  writing  of  formal  enirx  into  the  WMP  and  will 
establish  the  memher's  MAW  «aiiachmcni  6i.  NOTH:  The  MAW'  is  not  the  desired  bodv 
weiL'ht  but  (lie  maximun)  bodv  weiglii  qraragraph  I  2g  and  I  2hi  C'omntanders  may  .ippl>  the 
weight  tables,  the  Bf  M  or  the  weight  ot  an  adjusted  weight  waiver.  Health  ami  appearance 
coiKcnis  slumld  he  used  in  setting  standards 

.1.  The  commander  vmil  advise  enlisted  members  they  arc  ineligible  for  reeniistment. 
IN’S  reassignment,  voli'.uary  retraining.  PMP'  attendance,  aiul  similar  career  actions  Com 
mamiers  must  advise  enlisted  members  they  mav  be  eligible  ti»  test  and  he  selected  for  promo¬ 
tion  but  will  m)t  assume  a  higtier  grade,  if  selected,  until  their  MAW  is  met  anil  ilum  are 
recommended  for  promotion.  P.ach  of  these  career  actions  appl>  until  such  time  that  he  or  she 
IS  within  the  weight  standard  (entered  into  Ph.ise  ID  Officers  are  advised  ihev  arc  ineligible 
tor  IT'S  reassignment  or  t('  attend  PMP.  Officers  musi  also  he  advised  that  it  is  .Air  f-orvo 
poikv  that  action  will  he  initiated  to  dclav  an  officer's  promotion.  Regular  -Appointment  or 
Indetinite  Reserve  status  if  the  officer  does  not  meet  Air  porce  standards  of  weiglii  Career 
.K lions  fnr  officers  and  enlisted  members  concerning  promotion,  reeniistment  and  PCS  reas- 
>ii:nntent  wiK  be  processed  bv  unit  c<»mfnandcrs  aic<»r(ljng  to  die  governing  <)ireciive  fi^r  that 
action  Mttachmeni  J4i 

f'  Reserve  members  mav  extend  to  cover  the  period  of  time  required  to  complv  with 
the  weight  st.indards,  for  example.  .i  male  member  who  exceeds  the  weight  siandard  bv  2() 
pound'-  wonivj  be  alhoved  lo  extend  4  months.  According  to  I  SC  Iiilc  C,  Secii(>n  .d).T 
niiniiiuim  cxtcii'-ion  period  tor  .AN(i  memhers  is  6  months. 

c  (^iiarlerlv  diet  eounseiings  are  mandatory  during  Phase  1  and  enrollment  in  a  dd-dav 
exercise  is  mandatorv  for  all  memhers  in  Phase  I  (lefcronce  attachment  16)  f!\tonsi(>n  hevond 
'»()  d.ivs  IS  at  die  unit  comm.iiuler  '•  discretion  (See  allachnient  6i 

d  I  lie  individual  vsdl  acknowhulgc  receipt  and  understanding  and  date  the  letter  ot 
notilkaimn  Ihe  dale  the  member  acknow Ictlges  receipt  will  serve  as  the  official  entry  date  in 
the  WMP  uode  6).  Citpies  of  the  Initial  P.niry  I  eller  will  be  distributed  at  a  minimum  to  the 
imlividual.  his  or  her  supervisor.  CBP()4)PMQA  and  unit  weight  program  manager  for  inclu- 
s.on  in  the  W'Ml'CF 

c  During  Ph.ise  I.  individuals  will  be  weighed  on  a  monthly  basis,  Comm.inders  mav 
weigh  nienif'ers  more  IroquentK  to  reinforce  rehahililatno  efiorls:  however,  oniv  the  weight 
Jicck  at  the  end  ot  (he  monthly  penoii  will  he  considered  as  an  official  weigh  in  (Water 
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Uiiini.’  flic  hctorc  j  nienv{iiial  c>\le  is  nol  UMConinu>n.  ConiniaiKlcr'v  iiki>  adjust 

^  wru’h  m  d.iics  .u  v.  oidnii.*ls . »  Salislactor\  weit*hl  loss  is  5  pounds  each  inoiiih  ttii  nicn 
,ind  '  pound"  o.u  li  iiii'uilt  loi  uoincn  The  dilterencc  m  loss  required  between  men  and 

\>.i'men  s  huM-d  on  b.ui\  ctunpt'siiion  anil  phy "loloizical  ililterences.  Men  nornialiv  have  more 
uan  tissue  mass  nnus^lei  than  v*,omen.  {'ah>ries  are  burned  in  lean  tissue  mass.  Iheieti>re. 
men  ha\e  a  ereafei  oj^ptuf units  tJt  bum  talories  (lose  weight!  than  w<inien.  Successlul  comple¬ 
tion  ot  1‘hase  I  alinus  .i  member  to  be  enlereil  into  Phase  II. 

2-24.  Phase  II  t ( )hser\ ation  Period).  Members  are  notified  in  writing  when  ihes  meet 
ilieir  M  \\V  and  are  ottKialis  entered  into  Phase  II  (code  })  for  b  months. 

a  \  weiehi  earn  oser  the  M.'XW  at  an\  time  dining  this  phase  constitutes  unsalistacto 
IS  prceiess  u>ule  2i  aiui  members  are  returned  to  Phase  1  of  the  WMP  ssith  appropriate 
jdininisii.iiis  e  as  lion  hs  itie  unit  commander  according  to  paragraph  2-2S.  The  member  must 
hs'  adsisesl  m  wtiimg  that  career  actions  such  as  reenlisiment.  promotion,  and  PCS  reassign- 
nx-m.  ofue  .(gain  appis 

)•>  Wlieii  members  are  idemitied  as  exceeding  tlioir  MAW  but  subsequeiiiK  meet  their 
"landatd  I's  the  time  the  tneilual  evaluation  results  are  provided  to  the  unit  commander,  the 
memhets  are  enteted  diresilv  into  I’hasc  I!  Commanders  will  enter  them  into  a  mmimum  '->0- 
da\  s'ver^.ise  program  1  xiensjon  be>oiul  davs  is  at  the  unit  commander  s  discretion. 
During  this  n  month  phase,  at  least  monthiv  weigh-ins  are  required  to  make  sure  individuals 
mamiain  their  weigtit  ai  or  utulcr  the  MAW.  Commanders  and  supervisors  also  will  ensure  the 
indivulmtls  csmiinue  to  receive  sjuarierlv  iliel  eounsehng  during  this  phase  ot  the  WMP  to 
enltatke  the  liteslvle  change 

s  .An  indivklual  is  consisletest  ofhciallv  removed  from  the  WMP  on  suceesstui  com- 
pls'iion  ol  Phase  II  and  reieipi  o|  the  uni;  commander's  letter  entering  the  individual  into  the 
ptohation  [kTiod  lattachtneni  Die  dale  ol  removal  is  the  date  the  individual  acknowledges 
receipt  of  the  rerrrov.i^  feffer. 

2*25.  Probation  Period.  After  remi>val  from  the  W'MP  and  entering  the  probation  peri¬ 
od,  monthiv  vseigfii  checks  and  cjuarterly  diet  counselings  mav  be  iliseontmued.  However, 
individuals  remain  identitied  m  (he  PD.S  tor  12  months  (etnle  7)  frmn  the  cfleciive  ilate  ot 
WMP  remncal  While  in  the  pri'baiion  period,  commanders  and  supervisors  should  reinloice 
poNitive  liteslvle  liahns  and.  vs  hen  necessarv.  ideniilv  repeal  otteiiders  ol  Air  Force  standards 
ot  vseighi 

a  Commaiklers  and  supervisors  should  be  aware  these  iiulivuluals  are  m  a  piobaiion- 
arv  period  and  .i  weight  gam  over  the  A1-\W  at  anv  tunc  constitutes  uns<jiis!aelorv  progress 
(,  i»'  ■'  [fi  M'.t’  :»-mces  members  an*  reentered  into  Phase  1  ol  the  VVVIJV  It  the  member 

lias  not  had  a  medical  ev.ilualion  witliin  the  past  12  im>mhs.  an  eval«aln»n  must  be  completed 
[Mtot  to  reenirv  ini(>  fMiase  I  It  a  metlical  ev.iluation  was  c<unpleted  during  the  past  12  months, 
aitoiher  ev.ilii.ition  is  not  required.  (  pon  reenliv.  commanders  will  take  appropriate  admtriis 
ir.iMsc  acl'on  .Kcurding  to  paiagraph  2-2H 

h  lollt'wing  eofiipleiion  ot  the  1  C2  >ear  probalionarv  period,  if  the  inembei  again 
exceeds  M  \W  ,  lie  or  she  is  entered  into  Phase  1  o!  W  MP  (PI)S  code  bi.  witlioul  prejiidke  ot 
pievioiiv  WMP  parlic  ipalion 

2-26.  Parliciputinn  in  a  90-da>  KMTcise  Program.  1  ml  ca>mmandcr>  will  direct  indi 
siduals  to  pariicipaie  in  a  dav  exercise  progiam  when  entered  into  Phase  1  ot  the  WMP 
Members  entered  direcilv  into  Phase  II  of  the  W  Ml*  will  also  be  requm'd  to  complete  the  '^0 
■  lav  exerefse  program  rpaf ron  rn  a  ‘>l)-<iav  exeTci.se  program  is  documented  oi.  AI  Form 

I'f'  Personal  Fitness  Progress  Ch.in  F.xicnsions  heyt>nd  ‘Mt  da\s  are  at  the  unit  voinmand 
cr's  disc  ret  u'r'' 

a  I  nit  commanders  rnav  direct  mdivntuals  to  participate  in  a  '»P-da\  exer\.ise  program 
it  thev  do  not  present  .i  protessional  rnihtarv  appearance,  although  ihev  mav  not  he  overweight 
\  vli'wruvard  PI  \1  mav  he  apj^ropnate  <  paragraph  2  Ib.ii  Members  in  tins  category  shoulil  be 
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scril  lo  }(ir  A  nifilkal  c\ aiiialioii  before  enirv  info  ihe  exercise  proerain  Coin 

in.iiulers  sfunilJ  noiifv  (he  ineinhei  and  supervisor  i>t  che  dff-dav  exercise  proerarn  require- 
ineiil  ami  leasoii  lor  en(r\  When  niilifaix  appearance  is  (he  reasi>n  lor  enirv.  the  commander 
shoiiUt  also  specilx  m  wnime  ilie  expecled  crifena  and  the  dale  lor  successtu)  cmiipleiion  and 
remnv  al 

h  While  individual  phvsual  condiiioninj;  is  an  individual  responsihiiits .  and  should  be 
pertormed  primanlv  durine  normal  ojt-duty  nine,  unit  commanders  have  (he  preroeative  to 
allov\  on  diitv  conditnming  when  possible  as  mission  requirements  permit. 

2-27.  l  empnrurv  Medical  Deferral.  .A  W  MP  participani  max  rcceiv e  a  temporarv  meil 
ual  delerral  Ironi  a  weight  loss  program  or  dax  exercise  program.  POS  code  5  is  useii  onls 
when  the  temporarv  medical  deferral  applies  to  the  weight  loss  program.  .A  medical  praclitio 
nei  must  recommend  a  temporarv  medical  delerial  to  the  unit  commander  hy  doeumenting  the 
mdiv  ulual's  hniiiaiions  and  ion  condition  on  an  .Ab  I  vuin  422.  I  he  unit  i-tmimander  has  f  inal 
.ipproxal  or  disapproval  aulhontx  for  temporarv  medical  deferral.  .Appnwed  temporarv  medi- 
va!  liefeiials  only  may  be  granted  tor  ihe  length  of  nine  as  specified  on  fhe  .Al  f  orm  422  or  a 
maximum  of  n  months,  whichever  is  shorter.  After  an  initial  b-rnonth  increment,  the  unit 
Lommandei  will  review  the  temporary  medical  ileferral  for  possible  continuation  In  those 
unique  situatnms  dial  clearly  justify  an  additional  determent,  the  unit  may  approve  a  maximum 
n  month  coniinuatton  I'he  results  are  recorded  on  .-Xl-  l-orms  47d  and  I  nil  commamlers 

may  not  approve  temporary  medical  deferrals  to  exceed  12  months.  .A  temporary  nietiical 
delerral  beyond  12  months  must  he  approved  by  the  base  commander  (excef)i  for  fuegiuincy, 
see  paragraph  h  below  i.  The  request  should  include  the  following  information  thrcnigh  the  unit 
vommaiulei  ir.  die  lustd ication  b>r  extension:  background  on  the  medical  condiiii>n.  approval 
dates  id  previous  medical  deferral,  medical  diagnosis,  when  the  medical  problem  may  he  re 

solved,  and  any  other  (H'rtmeni  ndormation.  Afior  (he  temporary  medical  detenai  expires,  die 

Hill!  >.nmmander  weighs  tlie  member  and  takes  appropriate  aciii*n  acconlmg  to  this  regulation 

a.  Any  member  in  the  XX'MT  who  receives  an  approved  temporary  meilical  delerral 
which  [necludes  dicir  ability  to  lose  weight  will  be  placed  in  an  inactive  status  (code  On 

lenawal  ironi  the  temporary  medical  delerral  the  member  is  weighed  and  the  unit  conimatuler 

determines  appriipriate  action  If  the  member  is  not  within  his  or  her  MAW.  j-'lacemen!  into 
f’hase  I  IS  reqiiirctl  The  member  is  placed  m  sutistaciory  status  (code  1 )  until  the  next  mtmihly 
weigh  in  period  loilowing  removal  tr»»m  the  inactive  status.  If  an  unsatisfactory  progress 
periotl  occurs,  die  level  of  administrative  acinm  is  determined  by  the  member’s  progress  m  the 
WMT  since  iniiia!  entry,  that  is.  disreganl  the  maciive  period.  If  the  member  has  met  Ins  or 
luT  M  \W.  entry  into  Phase  II  is  appropriate. 

h  f’re.enant  women  who  are  in  the  WAlf’  are  placed  in  an  inactive  status  aiul  reported 
(.)  (  IU’( )  DMTQA  as  temp<'rarily  medieally  tieferred  leode  ."^i.  The  pregnancy  deferral  expires 
no  d.ivs  .itiiT  lermm.itmn  ol  pregnancy,  unless  extenuating  circumstances  occur  and  niedn  .d 
d.oc  umeiUatsoiA  is  provided  on  a  sxibsequeni  -XT  form  422.  !  he  unit  commands  has  die 

.iiithoMts  (<’  appitwe  up  to  IS  montfis  of  the  temporary  meilieal  deferral  for  pregnancy  wiifioui 
seeking  die  apprmal  of  the  base  commander  Ihe  medical  piaclitioner  is  encouraged  to  use 
\l  Xt  loo  S.  ch.ipier  T  as  an  appr«»priaie  guide  f»>i  prescribing  a  diet  during  pregnanev  it> 
prevent  excts>i\e  wciglil  gam  -Xt  a  mimmiim.  Al  P  lbb-21  is  available  supp(»rl  prenatal 
diet  V,  oiinNelings 

2-2S.  Xdminislratixe  Actions,  individuals  who  fad  toc(»niply  with  the  prescribed  weight 
>ianvlards  as  nuilined  in  tins  regulation  are  entered  into  the  WNM*.  Ihey  are  ineligible  for 
reassigiinu’Mi  and  will  liave  reiuleretl  themselves  ineligible  ior  reenlisiment.  refraining,  and 
other  v.aieer  ojiporiiinil les  Administrative  action  on  individual  Reserve  participants  will  be 
.Kvordmg  (o  paragrafdi  2  4bi2).  An  Af'RT.S  supplement  to  /Vf-R  .T*'-!  I  wilt  aildress  the  admin 
(siiaiive  actions  ter  unit  assigned  reservists.  .An  ,AN(i  supplement  to  .ATR  ^s-l  1  \cdl  atldress 
die  .ulniiniviral i\ e  actions  f»ir  members  of  ihe  AN(i 
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A.  li  is  ihc  mcniher's  responsjhilus  tt>  be  at  or  belou  [he  esiablished  vveiuht  standard. 
Mcinheis  uho  exeeed  (he  MAW  are  not  within  Air  I-oree  standards,  dhe  WMP  is  designed  to 
assist  aiul  e!K<nirage  a  sate,  healths  weight  loss  and  to  eneourage  a  liteslyle  ehange 

h.  I  he  WM1‘  is  a  rehabilitalise  program  that  provides  a  medieal  evaluation,  recurring 
die!  svMinsehng,  a  ‘K)  tias  exercise  program,  and  a  stabilized  environment.  The  member  shouUi 
he  encouraged  to  maintain  a  positive  altitude  toward  the  program  and  follow  instructions 
[uosided  bs  both  diti  and  conditioning  counselors.  Positive  individual  participation  should 
rcsuil  in  satistaclorv  progress  in  the  WMP.  It  an  individual  is  not  making  satistaclor>  progress 
I  less  than  pounds  each  month  tor  men  or  less  than  ^  pounds  eat  h  month  tor  womem. 
^.ommander  s  actum  is  required.  Commanders  exereise  their  prerogative  by  selecting  an  ad- 
minisiraiive  aciiomsi  from  the  appropriate  laisatistaetory  Petmd  l  ist  (paragraph  e  below  i. 

c.  Return  to  Phase  I  from  Phase  II  or  the  probation  period  requires  administrative 
action  Action  must  c»*me  from  a  level  equal  to  i>r  more  severe  in  action  than  die  Iasi  one  used 
when  the  member  was  in  [*hase  II.  I'his  approach  is  designed  to  minimi/e  inconsistencies  and 
inequities  among  units  (paragraph  e  below  ) 

d.  Noniudicial  punishment  mav  not  be  imposed  solely  lor  the  ctindilion  ot  being  over 
weight,  riietv  must  have  been  st'ine  violation  with  respect  to  a  specifu.  duty,  such  as  taiiiire  to 
fepoti  for  an  appointment.  Punitive  actions  must  be  based  upon  violatums  iq  ihe  I  nitorm 
Code  ot  Miiitarv  Justice  (I'CStJi.  aiul  commanders  should  consult  with  then  servicing  Statf 
Judge  Advocate  tSJ.\'  when  determining  whether  article  P's  actum  is  appropriate 

e  Cnsaiist.u t«irv  f\‘nod  l.i'-is,  (  pt»ii  entrv  into  the  WMP.  the  indivulual  jeopardi/es 
tils  nr  her  caieer  Cnsatislactorv  peiiod(s)  require  a<iministiati\ e  aetion  bv  the  commander. 
Commaruleis  exercise  their  pretogative  when  dealing  with  then  people  b\  selecting  at  least 
one  .uimimstrative  actum  tor  each  unsatisfactoiv  immihiv  period  Cnsatista«.i<Mv  peiu>ds  need 
not  be  consecutive  f  he  administrative  actionfsi  are  seieeled  tn>m  the  coincidmu  I  ii'atislac 
lo[>  Period  l.ist  if'xample:  l  or  an  indtvutuars  hrst  unsatistaviotv  period,  the  comm.inilant 
'elects  an  asiion  from  the  list  ot  administrative  actions  withm  the  Pirsi  I  n^.uistactoiv  f’crunl 
1  is!  Commaiuiets  mav  select  more  than  rme  actum  Iroin  the  list.  Actions  on  each  list  are  not 
piionli/ed  and  do  not  tiave  to  he  used  in  the  order  pr<'vi(ie*l.  f-ullv  document  administrative 
.Kiioiiv  on  the  ,Af-  Potm  and  ci>!!ipleie  m  a  iimelv  manner 

I  I  I  birsi  CfiNatisfacti'rv  Period.  When  *)ecu)ing  upon  actioms).  comm.indets  sliould 
consider  ihat  the  member  vlru's  not  meet  Air  !  oi^e  standards  of  weight  and  he  or  she  is  noi 
piogressinc  saiist.i..ioMl>  in  a  eetuihiliiaium  program  Alter  the  commander  selects  the  .uinnn 
I'fMtive  acitmfs),  lull  documentalU)n  is  required  Ihe  vommander  also  is  encouraged  to 
."I'.sidc!  -Mtier  posMble  rehabihiattve  aciu*ns  such  as  additional  diet  counsolmgs.  supervised 
cxeiuse  period',  and  more  Irequent  weight  cftecks  Wfiile  the  primary  obieclivc  is  to  encour 
•o'c  iiie  member  to  meet  Air  borce  suindards.  commanders  slumld  keep  in  mmd  tf  the  member 
soniinucs  lo  make  unsalislaetorv  pri>gress  m  the  WMP.  ariequate  lUu. umontalion  must  be  <iv.iil 
able  to  'api^oit  administrative  separatum  ‘see  (Ti  below  •. 

<  a  1  ( iptiofis  for  ( )1 1  leers; 

/  Verbal  Counseling 
I  etier  ot  .\tlmo  iiiion 

'  Letter  ot  Repiimaiul 

d  [  siahltsh  f  !L 

'  l  imit  siipeivisorv  and  ton  (  'immaTul  Kesponsibilities 

(  iiinment  m  ()|-;R  on  \  nsatistacH'rv  progress;  consider  lack  o|  progress 
wtun  evaluating  "Protessionai  (.Qualities  ' 

(  b  t  ( )piions  for  I  nlisted: 

/  \  erhal  ( 'ounselmg 

-  l  etter  of  Admonition 

’  1  eiler  of  Reprimand 
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4  Fistahlish  I  i}' 

l.inni  Supervisor)  Rcspotisibiliiies 

fi  C  ornnu'n!  in  APR  v.r.  unsalistaelory  pr»>i:rcss;  consuler  lack  *'t  progress  when 
evalualiiii:  ■‘Rearing" 

Second  rnsaiistaclorv  fVruHl  Commanders  should  remind  members  (d  their 
responsihiiilv  develop  and  mainiain  a  Idestvle  which  allows  them  (o  meet  the  Air  f  orce 
standards  of  weieht  A  lack  ot  commitment  to  the  rehabilitation  program,  poor  attitude,  and  a 
lack  ot  self  discipline  mav  be  indicated  bv  a  secoiul  unsatisfactory  period,  ('omnuinders 
shouUi  «.onsider  the  grade,  experience,  and  positu>n  of  the  member  since  higher  ranking  .Air 
f  i'ice  members  are  more  familiar  with  .Air  Porce  standards,  supervisory  responsibilities,  aiul 
the  need  ol  role  models  tor  subordinates,  individuals  who  fail  to  maintain  stamtards  are  less 
etteciive  at  enforcing  Air  Porce  siaiulards  on  subordinates.  Cnit  commanders  exercise  their 
prerogative  when  selecting  aciionts)  from  the  SceomI  Cnsatislactorv  Period  l  ist  document 
the  cmiiinueti  lack  of  progress  m  tlic  WMF  Additional  rehabililative  actions  not  previousiv 
taken  are  encouraged  at  this  time.  Once  again,  commander  slK>uk!  rcmiml  members  that 
continued  unsaiistaclorv  pr«>grcss  can  result  in  admimsiraiivc  separatum  (see  <4t  below  j 
la)  Options  for  Olficeis; 

/  Verbal  Reprimand 

J.  Letter  of  Reprimand 
f'stabiish  L  IP 

4  Limit  or  Remove  Supervisor)  and  (on  Coinmaiui  Responsibilities 
Conirol  Roster 

6  Comment  in  Of-.R  on  Cnsaiisiacior)  progress,  consider  lack  ot  progress  when 
evaluating  'Professional  Qualities"  and  (on  prepare  a  "l^irected  by  Commamler"  Of-'R 

~  Inmate  appropriate  pr(»prietar)  action  (NQ.  removjh  concerning  promotion. 
Regular  Appoinfment  and  fn<ietiniic'  Reserve  st.uus  or  selective  continuation 
lb'  Options  tor  f-.nlisled; 

/  Verbal  Reprimand 

J.  Letter  ot  Reprimand 

,C  Psiablish  Lit- 

4  I  imit  <'r  Renu've  Supervisor)  Respimsibiliiies 

'  Control  Roster 

f')  Comment  in  .APR  on  Cnsaiisfacior)  progress;  consider  lack  ot  progress  when 
evaluating  "Hearing"  and  {t>n  prepare  a  "Directed  by  ('ommander"  APR 

7  Deny  or  Vacate  N(  ()  Status  tSergeant.  Senior  Airman) 

5  Renune  from  Promotion  l.ist 

Third  Cnsaiistactory  Period.  Previous  rehabilitative  actions  shedd  bo  cimsid 
ered  when  determining  the  action  which  is  appropriate  for  the  lhir<l  tailure  to  maKv  salistac 
tors  progress  in  the  WMP.  I  he  lack  of  commiinieni  m  moc'iing  Air  Force  standards  may  not 
only  reflect  poorly  <m  the  individual,  but  also  on  the  individual's  commander  and  unit.  An 
overweight  condition  limits  flexibility,  endurance,  and  contributes  to  heart  disease,  therebv 
creating  a  negative  impact  on  the  readiness  of  the  force  Cml  commanders  should  caution 
members  th.u  imnfh‘T  "nv.Tistneiory  pcri4>d  may  lesuit  in  administrative  separation  isco  id) 
below  ), 

la)  Options  for  Officers; 

/.  1  eiter  of  Reprimand 

:  Psiahhsh  I  IP 

4  I  imit  IK  Remove  Supervisory  and  (on  Cmmnand  Responsibilities 

4  (  ontrol  Roster 

Comment  in  OPR  <m  Cnsaiisfactory  progress,  consider  lack  of  progress  when 
cv<duating  "f’rofcssional  Qualilies"  amt  (or)  prepare  a  "Directed  by  Commander"  Of-R 
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h  liiHi.iK'  .jpjMopi  ijit*  pro[>iici\  ;KlH)n  <NQ.  Kcrno\ah  conv.crnini:  pioinulnin 
KcL’ul.tr  Af'pointnionl  and  liuichniic  Rl'scim.’  slalus  nr  selective  cniilinualinn 
I  hi  ( )ptU'M'v  Inr  h.nlisieil 
/ .  I  etler  ot  Kepi  inuiiui 
:  Csiabiisfi  I  11- 

I  iniir  or  Remove  Supervisorv  Responsihiliiies 
■i  Controi  Ri)ster 

■'  (  tmimeni  in  APR  on  I  nsalislaciorv  progress:  coiiMtier  lack  td  progre^''  when 

cvaliiaiing  ficaring  "  aiul  ion  prepare  a  ■Directed  by  Commaiuler  "  APR 
Dens  or  V  acate  NCO  Status  (Sergeant.  Senmr  Airmarn 
Remove  from  Promoii^m  List 
'V  AJminiNirativ e  Demotion 

i4i  hourdi  I  nv.itistactirrv  Period.  The  WMP  is  a  rehahiliiaiion  program  designetl  li’ 
assisi,  encourage,  and  siipjroi  t  a  memher’s  persona!  el  Ion  to  meet  .Air  F'oice  standards  oi 
vveigfn  I  he  member  now  clearlv  has  mdicateil  his  or  her  unwillingness  to  meet  .Air  F-orce 
slvindards  I  lie  member’s  repealed  tailures  to  make  salistactorv  pr^)gre^^  in  the  WMF’  mdicaie 
a  poor  alldude  and  demonsiiaie  a  lack  ot  sell  discipline,  not  onl>  lor  his  or  her  own  well-being 
hui  toward  the  mission  td  die  .An  F-orce  as  well  Since  previous  attempts  at  reii.ihiliialion  have 
tailed,  commanders  are  ironglv  encouraged  to  initiate  administrative  separation  action.  It  ihe 
"'oi  eommander  determines  separation  actum  is  appropriate,  the  unit  commander  will  lollow 
ihe  procedures  eoniained  in  AF  R  2  lor  idlicers.  or  .AI  R  Id  tijr  airmen.  Alter  the  unit 
^,o^lma^der  makes  the  decision  whether  to  retain  or  separate  an  .urman.  the  commander  advis¬ 
es  the  Special  Touri  Martial  authoritv  ot  the  dectsum  For  an  otticer.  ihe  unu  commander 
provides  the  recommendation  tor  discharge  or  retention  ti>  the  initiating  conimaiuU'T  .iccinding 
to  AF  R  2 

i  a  I  <  Ipfions  for  <  ){fKers; 

/.  Administrative  Separalu'n  or 

2  Retention  with  continuation  in  WMP  and  appropriate  ailmmisiraiive  action 
from  the  Fhirv!  rnsalisfaclor>  FVnod  list 
( h)  ( )ptions  tor  Finlisied 

/  .Administrative  Separation  «»r 

2  Retention  with  coniinuaium  in  WMF’  and  appropriate  administrative  action 
horn  tlie  Miird  I  nsatislaclorv  F’enod  list 
SOI  RCF-  AF  RFAd'I.A  l  ION  .AS-I  I.  pp.  12  20. 


PR()(  KDl  RKS  KOR  VMKiH T  (  HK<  KS  AND  HKKiHT  MK ASl  RKMKM 
a.  Height  (’hecks: 

0»  Ihe  member's  weight  will  be  measured  with  sho«*v  ntf  and  m  basic  dutv  urn- 

lorm 

(2i  Ihe  member  niav  remove  ci>nienis  ot  pockets  and  an\  extraneous  equipment 
(toois,  guns,  kevs)  or  outer  clothing. 

'  ')  The  member  should  Ntand  still  while  on  the  scale. 

i4i  Measurement  should  be  read  with  the  measurer  directly  in  Ironl  or  behind  the 
Ncalc  1 1  [possible.  Rea*ling  Ihe  scale  from  either  side  rather  than  straight-on  reduces  accuraev 
I  I  Subtract  4  pounds  tor  clothing  lor  men  and  women 
ibi  Weight  will  be  reeordcil  to  the  nearest  quarter  p<mnd. 

( I  Recommend  the  weight  standard  tables  F>e  prominently  displaved  near  unit 
wi-ielune  s».  .des 
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I).  Hciiihl  \1t‘aMiri‘nu*nL  I  1k’  piv'lcncil  inclfuHl  tnr  hnuhl  inousiiicfiicnl  ts  the  k  ip 
r  .lit!  iiKlhi'it  Hp'.\ L'v Cl .  .»  ''C.ilc  lu-ichl -nic.isurcnu’iu  bar  is  a..ccplablc 

I  '  }  iochl  u  j'l  be  inca-'iircd  ajul  no!  iiarKfctuHl  t  juin  ihc  tinluarv  ulcriiil  icai  lun  1 1  i>>  i 

-  aui 

i2i  Hill  Ih'  meavured  wiihout  shoes 

Meiiti'ei  should  siaiid  laeini:  the  [>eTson  nieasiinrie  linn  or  her  wuh  lieeK  toeelhei 
.i/h/  ba>.  k  sha/L’b/. 

i4i  riie  ineinbei’s  line  »>l  siehl  slnniUl  he  hon/onial. 
oi  Measuring  bar  sIioukI  rest  iiehll>  on  the  erovin  t»t  llie  licad 

1^}  Measmcrnenl  shmiKI  be  read  direeli\  m  troril  i>t  the  rod.  not  at  an  angle  troin 

s(vle 

Measuii  inenl  shouhi  be  taken  !o  the  nearest  quarter  ineh 
SOI  kt  1  \1-  Rf-(il  [  \I  ION  PS  IKAiUKhment  l.p.  M 
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WKII.H  I  S  I  VNDARKS— VVOMKN  ist-c-  n<Hel 
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BODY  FAT  MEASUREMENT 

MALES  UNDER  30  YEARS  -HEIGHT  AND  BICEPS  IN  INCHES 


Height 


Weight 


Biceps  Cifc 
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SOI  JRCl  At-  R1  (iUl  /VnoN.  An.ichiiiL-nl  4,  p.  34 


APPi:.\i)i\  li 


M4 


Heighi 


BODY  FAT  measurement 

FEMALES  UNDER  30  YEARS  -HEIGHT  AND  FOREARM  IN  INCHES 


Weight 


Forearm  Circ 
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I 


;  7_ 


i!;4 


SOlJRCi;:  At-  RIAiUl  ATION.  Aiouhnionl  4,  p.  .v\ 
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M’I'I  \1>I\  « 


Height 


BODY  FAT  MEASUFIEMENT 

MALES  OVER  30  YEARS--HEIGHT  AND  BICEPS  IN  INCHES 

VYeighi  Bleep  Cite 
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APPF.NDIX  B 


BODY  FAT  MEASUREMENT 

FEMALES  OVER  30  YEARS  -HEIGHT  AND  FOREARM  IN  INCHES 


SCMiRC  H:  AF-  !^F:CiUl,A T  ION.  Aliacliinent  4.  p.  ,F7. 
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BODY  FAT  MEASUREMENT 

MALES  UNDER  30  YEARS  HEIGHT  AND  BICEPS  IN  CM 


Hejght 

Weight 

Bicep  C irc 
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BODY  FAT  measurement 


FEMALES  UNDER  30  YEARS  HEIGHT  AND  FORARM  IN  CM 


Forearm  Circ 


SE)l!R(  AF'  Rf'CiUI.ATION.  Allaihinoni  J,  p  ''') 
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BODY  FAT  MEASUREMENT 


males  over  30  YEARS  HEIGHT  AND  BICEPS  IN  CM 


Weight 


BiCep  Circ 
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BODY  FAT  MEASUREMENT 

FEMALES  OVER  30  YEARS  HEIGHT  AND  FOREARM  IN  CM 

Weight  Foreaim  Circ 
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INSTRl  ( HONS  FOR  ISiSU  THF  NOMOCiRAM  (MAl.Fl 

S  rf-.l*  I;  Deierinino  the  nutiMdiial's  heiiiht  in  citlici  cemiineicrs  t>f  inches 
S'!  r!P  2:  Measure  the  circutnlerence  ot  the  iiulividual's  tleveii  biceps  in  either  ceniinie- 
lers  or  inches. 

NO  !  !::  'T'akine  the  Moved  Hiceps  Measurement  Wnh  a  clinched  list  and  9()-degree  henti 
m  the  cihoss.  measure  the  cucumtCTence.  lake  '•  ineasiirement  at  the  point  ol  the  ma.xirnuni 
Hex  ion 

SI!. I*  V  I<'(.ate  the  height  and  circumleiencc  in  centimeters  or  inches  on  the  left  and 
right  scales  ot  (he  nomogram  With  a  straight  edge,  determine  uhete  a  line  drawn  between 
these  two  points  intersects  the  center  scale  (weight  in  kilograms  or  pounds)  rtiis  point 
provides  (he  maximum  weight  allowance 

l-.X  \MIM  !•  A  man  who  is  "’ll  7S  inches  tall  t  ISO  centimeters)  has  a  biceps  circumfer¬ 
ence  ot  M  ,'2  inches  (44  centimeters i.  Il»s  maxmiuni  weight  would  he  274  pounds  (107 
kilogr.inis), 

SOI  K('!-  \I  R!  (il  I  \TIO\  ^>  \  \.  Miachmem  4.  p  47. 
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INSIKl  (HONS  K)R  I  SIN<i  IHK  NOVKHiRAM  (WOMKN) 

S  I  [•!’  1  nclcnninc  iho  niilivKiual's  hciL’ht  m  citluT  ccn!MJH.'tt.Ts  oi  itufjcs 
S!  11*  2;  MtMMiri.'  the  l  n\  unilerciKc  ut  tlic  iiulividiiai's  torcaim  iti  ciltu-r  tontinu'tet'.  or 
iiRiu’v  I'oicartn  itiust  be  relaxed  v^hen  llte  nieasuremefi!  is  taken 

NO  I  I-  Taking  the  fnrearni  measurement:  With  a  clenched  list  and  decree  bend  m 
die  etbov.*.,  mark  a  point  1/4  inch  down  troin  the  bend  in  the  elbow  1  hen  jll(*w  the  arni  lo 
liane  relaxed  and  ineasine  die  loreaini  eireumlerenee  at  the  mark.  Take  the  mea--iiienieni  vwiih 
one  edee  the  tape  <»n  the  mark  and  die  other  ed^c  toward  the  hand. 

Sil.P  Locate  the  het^^hi  aiul  ciicuinleienee  in  centimeters  or  mehes  on  (he  lell  aiul 
rieht  '•vales  ot  the  nomoeram  With  a  "traiehi  edge,  determine  where  a  line  tiravui  between 
these  (wo  pomtN  inierseet''  liie  center  scale  iweigfit  in  kilograms  or  pounds)  This  point 
pros  ides  the  maximum  weiglit  allowable 
SOI  Rt'L:  AK  RIXil  LAIION  L  Attachment  4.  p  4,V 


U.S.  Marine  Corps 


I  he  height,  weight,  and  body  lat  standards  tor  retentii>n  in  the  U.S. 
Marine  Corps  are  ineluded  in  MARINK  CORPS  ORDKR  6I00.10A  with 
C  hange  1:  Weight  C'ttntrnl  and  Military  .Appearance  (MCC)  6100  lO.A 
24  JULY  I0S6).  I'hc  same  standards  were  implemented  for  use  at 
accession  on  I  June  1062.  ihis  regulation  is  extensive  and  excerpts  here 
include:  the  stated  purpose  ot  the  regulation,  tietails  of  procedures,  and 
relevant  reference  table-'  . 


Ht  XOtJl  XR  l  t  RS  I  M  IH)  .STA  I  KS  \t  \RI\K  ( ORI'S 
U  ASHINtMON.  I).<  .  20.t60 


\1(  ()  Mon.  io  \ 

I  !.'!■  !: 

:4  Jill 


M.AKIM,  c  orps  ukDHK  iwiiti  vh»i?icc''  .uixKsi  to  .ippiopruiit.’  suuidms  .i'* 

in  M.AKIM'  CORPS  ORDI  R  MfMl.lO,,  Ch  I.  sou  l.tllowmi!  pjgcM 

I  nun  (  I'lnindniKmi  nt  (hu  NKinnu  (  orps 

It'  i )iNiribu:inii  i  isi 

Subj  VSulijIll  (  ofurttl  and  MiliLn\  .\ppoar.incu 

Rut  (ai  MCO  PIdfM)  in( 

'hi  MCO  m 
u  I  MCO  PIdiO  ■( 
itti  MCO  PKCO  i:!) 

I  CM  MCO  Piosn.  V^f- 

I  IK  I  I  !  I  \Vc'ij:ht  Standard''  for  Marinos 

Alioriiaio  M.ivtnunn  VVoiizhf  l.iniiis  pir  Malo  Maiino'' 

<  C  AUornato  MaMnunn  Woiulu  I  niiMs  }t>r  Pcmalc  Marinos 
'4»  Iurniat  }i»i  RotiiiONlino  Proliininar\  Moclioal  P.valu.ition 

1  Purpt’^o  («’  pi iiinuloaio  poho)  anil  implomonlini:  insjruolions  conoc'inmo  woioln  .  "Hfitd 

and  niililais  appoaraiuo  in  fho  Marino  Ci»rp\. 


'(  uMiu’i  intinniain'M  ct'iuornin*:  this  roitulaliun  oan  ho  ohiainod  Imni  f {oatlc|uai tor's  I  niioit 
statcM  Mannv'  ('•irp''.  Washmizion.  DC,  Tll^sn 
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-  (^liKj;J!aL!i>J\  MCO  MOO.  M) 

^  (.ioncral.  !'hc  Marine  Corps  has  irailitionailv  been  associatcii  ujih  a  nuliiarv  nnaijc  that  i' 
neat  arul  iritn  in  appearance  It  is  essential  to  the  tiav -to-day  etleetiveness  anil  eonihai  readi¬ 
ness  1)1  the  Marine  ('orps  that  every  Marine  maintain  the  established  standards  of  health. 
^llilCs^.  and  appearance.  The  habits  t>l  self-disciplme  required  to  gam  and  maintain  a  heaithv 
body .  inherent  in  the  Marine  ('orps*  way  of  life,  must  be  part  ol  the  character  of  every  Marine 
Kesponsihility  The  evaluatnm  of  a  Marine’s  military  appearance  is  the  responsibility  of 
the  eommanding  officer  !  he  medical  otfieer's  responsibility  is  to  certify  a  Marine's  health 
and  ability  to  participate  m  physical  training  and/or  pre^crlbe  a  diet,  if  required,  to  return  the 
Marine  to  an  accepiahle  mililarv  appearance. 

^^bj.ecm Cs.  The  objectives  .q  the  Marine  Corps  weight  control  and  military  appearance 
program  are; 

a  li)  conirihuie  to  the  health  and  well  being  ot  every  Marine  by  eontinuousiv  moni 
!"Mng  weight  and  personal  appearance 

b  [o  preserve  high  siatulards  of  professional  military  appearance  fradiiii>na!ly  expect 
ed  of  all  Marines, 

V  lo  estahlisli  acscpiahlo  weight  standards  for  all  Marines  and  to  ensure  those  Ma- 
iincs  who  do  not  meet  the  standards  are  counseled  and  given  the  opportunity  li'  achieve  the 
sisindaids 

d  lo  encouiage  all  Marines  to  set  the  example  by  maintaining  proper  appearance  and 
weight  'landar<.is. 
h  1'ojiv.v 

a,  (  ommaiiders  will  coiitmiially  monito:  all  membets  o*  iheir  commands.  b<*ih  otlieer 
and  enlisted,  lo  ensure  they  maintain  the  proper  vveighl  distribution  and  personal  appearance. 
Identilicaiion  of  peisonnel  who  do  not  present  a  suitable  military  appearance  because  ot  over- 
weigtii  or  improper  weiglii  distribution  is  required. 

b  Commanders  sfiould  consider  educational  programs  and  other  motivational  means  to 
encniiraee  Marines  to  achieve  and  maintain  weight  and  personal  appearance  standards,  Such 
P'  -grams  i.ouhl  include,  but  are  not  limite^l  to.  periodic  mandaioiy  weight  control  seitiinars 
^in  I  individual  i onsullatnms  conducleil  by  qualitied  diclicians/modical  pcfs«>nnel  lor  a!!  indi 
vidua!'  ideniitied  .is  rec|uiiing  .1  wcichl  reductum 

^  Marines  are  >.onsidered  overweight  when  their  weight  exceeds  the  maximum  allow 
.ii'le  weieht  'lam.laiils  as  sc?  forth  m  en«.losute  1  1  »  Women  Marines  return, ng  triun  inaiernity 
d  i\e  lM\e  nioniliN  from  the  vlate  <*(  delivery  lo  reesiabirb  iheir  weight  and  mililarv  appear 
true  si.md.iiiC  .is  m  I  forth  m  this  ( >riler  When  a  Marine  is  determined  10  be  ocervu-ight.  the 
.'unmafujer  will  either  assign  t.a  Marine  to  the  weight  control  program  or  request  an  alternate 
'••eictii  '(aiuiard 

d  Ills  rta.  ogni/ed  that  exi.  eplit>ns  i*'  the  staiulards  in  enc  losure  '  1  )  tnav  be  lusiilicd  foi 
M.iniu's  who.  .dih<High  lean.  exi.eev)  flu*  prescribed  weight  standards  because  of  a  high  volume 
o!  Ic.ui  TPusJe  mass  and  a  low  percent  of  Nulv  tat.  ('ommanders  may  request  approval  in 
WM'  ne  ol  .m  .dternate  maximum  weight  lim:t  fr<mi  Marine  officers  m  the  ,.ham  ol  svunmand 
c'cii  (sine  speci.d  >.  ■'iirt  luarlial  lonvcmng  authority,  for  Marines  wTu'  do  not  lia\c  a  Marine 
offK..i  it;  the  .ham  of  <.{»rnmanil  exeicismg  special  court-martial  convening  authoniv.  an  alter 
n.ite  m,i\imun’  wcieht  limit  mav  be  requesled  from  (he  ('mnmamlam  ot  the  Marine  (  orps  1  1  j 
!iu  u\pu  st  I'liisi  he  suj'poric  i  b\  the  followini: 

'!'  \  bods  V •Mn[>osiiton  analvsis  indicating  h«Hlv  fat  percent  based  on  livdiostatic 
NKciehing  Of  .intluopiMm'tfK  measurement,  f  nch»siire  ilctails  the  anthropometric  measure 
nu'Mi  pi.'oss  rhai  will  he  iiset!  ti*  estimate  the  percent  of  bodv  fat  t<»r  male  Maiines  ami 
ei'i  iosiire  '  C  wdl  fit-  used  for  ti’niale  \1.»rim*s 

!  C'  Marines  v^ho  lequesi  a  waiver  Innn  the  Ct>mmandanl  of  the  Marine  (  oips  1  I  1 
TDiisi  pioNi.ie  tiill  leneth  frontal  and  profile  photographs  taken  at  the  dcMied  ^liIeInaIe  weieht 
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hriiit  ifi  scfAKf  A  "  un»NtffiL  Tho  anrhropomt’fric  niiMNurcrnt-nl  of  fhc  if)di\ iiiu.il  Vljrim- 
I'xplaiiU'U  III  either  oiKlMsure  i2i  or  |  will  he  cerMlied  hy  the  t<Mntiutn<lme  <*tticer 

e  (Otiiin.iruier-'  will  inspeet  the  Marine  m  ihe  service  "A"  unilonii  prioj  u»  [etjuesliiiL 
an  alternate  weicht  standard  to  ensure  proper  til  ot  the  unitnrm.  An  alternate  inaxinuim  weield 
standard  is  not  permanent,  aiul  eoininanders  will  ensure  the  purpiise  ut  the  waiver  rerr.ains 
valid  As  lone  js  the  waiver  remains  valid,  the  written  auihon/afion  (or  an  alternate  weieht 
will  he  kept  tin  the  doeuineni  side  of  the  Marine's  OOR/SRB,  ('omniantlers  will  reeontirm  the 
.dternaie  weieht  standard  tor  those  Marines  who  are  heine  transferred  from  i»r  joined  i*'  a  unit, 
t  Ihe  alternate  maximum  v^cii^hl  limn  eranled  hy  the  Commandant  of  the  Marine 
Corps  I  ASA)  lor  naval  aviators  eoneernin*:  phvsieal  qualifications  h>r  duty  insoKine  aviiial 
^.onlrol  \'t  aireratt  is  not  to  he  used  as  the  standard  lor  the  Marine  Corps  weiuhi  control  and 
mililarv  appearance  program  as  set  forth  m  this  Order 

‘  e  Ihose  individiKils  who  are  ideniitied  as  ovcrweiehl  will  be  referred  to  an  ACIK  P 

t«n  evaluation  Pnelosure  (4)  wdl  he  ei>mpleled  and  retained  by  the  eommandmL’  (dtieor  to 
properly  d»'eument  the  reei-*mmerulatu>n  and  actum  taken  in  such  an  mdivuluars  ease. 

*  h  It  ilie  ACHCi*  diagnoses  the  individual's  condition  to  he  a  •■esuli  of  an  uiuleriy  m^’  or 
assiKMted  disease  priKoss.  one  of  the  toMowin^  actions  will  be  taken: 

I  I  1  I  reaiment  to  alieviaie  the  eondiinn>  and  return  ol  the  Marine  to  the  unit. 

(2i  Hospiiaii/ation  lor  necessary  treatment. 

*  I  It  (he  .At'IK  P  discovers  m>  underlyini:  i>r  associated  disease  process  as  the  cause  oi 
the  individuar''  condition,  this  tact  will  he  certified  and  a  reducing  diet  aiul/*>r  exercise  pro- 
erarn  wilt  he  reeommeiidcd. 

ill  In  eases  wtiere  the  neeil  tor  a  weiehl  ('r  body  tat  loss  is  indicated,  realistic  ^I'ats 
per  enelosiires  1 1  i  tfiroiheli  t  ^ »  of  this  order  will  be  established  to  include  the  number  of  pounds 
or  iiKhes  to  he  lost.  Ueiuti  iiis  or  nlea^ufe^tK*nls  will  he  taken  at  least  every  2  weeks  tnnmthly 
loi  SMCK)  at  the  unit  to  determine  the  individual's  pri'iiress  Any  individual  vvho.  after  2 
weeks  I  I  month  for  .SM(  Ki.  tias  had  no  loss  will  he  counseled  at  the  unit  level. 

'  I  2)  In  vases  where  a  weiyhi  loss  is  not  required,  the  commander  will  miiiaie  .m 

exercise  prouran^  per  reterence  th>  to  correct  the  mdivuluars  military  appearance,  Althi>ui:ti 
M^irmes  mav  not  he  dischareed  lor  tailure  to  maintain  appropriate  military  appearance,  this 
failure  to  make  saiisfavtory  procress  while  on  a  personal  appearance  program  must  be  rcfleeted 
111  section  C  ot  tiincss  reports  per  paragraph  4(Mi7.4h(Si  i»l  reference  (c)  for  sergeants  aiid 
ah<ue  Ol  !iK<Mporaied  m  the  condiut  marks  of  corf'orals  aiul  below  per  paragraph  4{)(IS  h  ot 
relerenec  oh 

*  1  f.'itfies  wi!!  he  ma‘le  tn  »he  H  MPS/MMS  tor  Marines  assigned  to  the  weight  control 

or  niditarv  .ippearance  program  per  paragraph  HI  |u  ,)f  reteiciKe  te)  l  urihcr.  upon  assignment 
to  the  weiehi  vimtrol  program,  all  Marines  will  receive  a  lormal  page  I  I  vounselling  entry  per 
the  prnvisiniis  ot  paragraph  «>t  retereiue  ia». 

*  k  After  a  period  ol  dieiing  .in<l/or  exercise,  not  to  exeee<i  months.  Marines  who  still 
<lo  not  pre-ent  .i  suil.ihie  mililaty  appearance  because  they  are  i>verweight  will  be  referred  \o  an 
.•VCtK'P  t»’r  reev  .dilation 

I  !  I  it  ihe  .ACHf'P  determines  the  mdivuluars  condilum  is  caused  by  an  underlying 
or  .issociated  di  -ease  provcss,  action  described  in  paragraph  hh  will  he  taken 

*  (  2)  ft  the  ,\(  H(  firuts  there  is  no  underlying  or  ass<K:iaie<l  disease  process  causing 
the  iiulividua!  s  overweight  condition,  two  courses  ol  aviion  arc  open 

iji  It  s.itistavtorv  progress  has  been  made,  even  though  the  weight  goals  have  not 
hecfi  met.  one  extension  o\'  up  to  h  months  may  he  granieil.  at  the  end  (d  which  time  the 
individual  vvdl  ag.on  he  reevaiuatetl  If  weight  goals  are  not  met  by  the  end  <d  the  extension, 
(he  individual  will  he  reu)mniended  for  discharge  from  the  naval  service  hy  reason  of  unsatis 
t.iv  forv  perform.incc  per  the  pn'visions  of  paragraph  (■»2()h-l  ol  reterence  lai 

ito  It  satisf.K ti'rv  progress  has  not  been  made,  it  can  he  cimc hided  that  the  condi 
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ih'ii  In  hi\vUiNC  <*t  .i;iailu  or  a  lack  i>l  sclt-  lisciplnic.  ihi*  indivKtual.  ihcrdorc.  uill  he 
it\ oniiiiciuloil  tor  itiM^harLie  pot  iho  provisions  «rf  paragraph  h20h  I  ot  rotcronce  ta). 

I  [ho  ooniniatulor  will  adin«nisirati\ cly  rcnunc  iho  individual  troni  the  woijjhl  ooniroi 
or  niiliiaiN  appoaranoo  program  once  the  prescribed  goals  are  met  Appropriate  entries  will 
made  m  the  jrMl\S/MMS  per  relerence  e). 

m  It  alter  havitig  been  removed  from  the  weight  control  program,  the  Marine's  ad 
verso  vv,oi‘jtil  condition  reappears,  that  individual  will  be  accorded  one  ^>()-da>  period  to  ci>n- 
lorm  to  Marine  Corps  weight  standards.  the  end  of  the  dO-day  period,  if  goats  are  not  met. 
disehaieo  processing  [)er  paragraph  b2()b.  I  of  reference  tai  is  required. 

n  it  tile  Marine  successluily  meets  prescribed  goals  within  the  Vl)-dav  period  >ei  later 
tails  f(.  meet  weight  standards,  ailministralive  discharge  processing  wd!  immcdialel>  be  imiiaied, 
(v  .\  etipv  ot  enclosure  t4>  will  be  placed  on  the  documeni  side  of  the  (X)R/.SRB  for 
thoso  Marines  who  are  transferred  while  assigned  to  the  subject  program. 

p.  It  is  imperative  that  all  JL  MPS/MMS  entries  concerning  weig  ^  s)nirn|  and  militarv 
appearance  Ik  coordinated  between  the  unit  diarv  Icrk  anil  the  training  NCO. 

"  ,;\Clip,|l 

a  (  ommanding  otfisers  will  establish  and  maintain  an  effective  vveighi  control  and 
miliiarv  appearance  program  per  this  Order 

b,  riie  commanding  oflicer's  subjective  judgment,  m  consonance  with  the  provisions 
ot  (Ills  Order,  will  form  the  standards  for  this  program. 

K.Cycv,yc\.;\4ipiicahth  This  Order  is  applicable  to  the  Marine  Corps  Reserve. 


JOHN  P  BCRKl- 
Oepuly  Chief  of  Stall 
for  d  raining 
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MAkIM  CORPS  OKDkR  61(10. 1 OA  Cli  I 

krotn:  roiiinuuKtani  i>t  ihc  Marine  Corps 
l  o:  Distrihuuon  List 

Suh|;  '.Vciefit  Comrol  and  Military  Appearance 
Lncl  1  1 1  New  page  inserts  lo  MCO  611)0. IHA. 

1  Purpose.  Co  transmit  new  page  inserts  anil  ilireci  pen  changes  to  the  basic  order. 

2  Background.  By  definition,  the  term  "medical  officer"  docs  not  include  nurse  practitioners 
and  physician  assistants.  These  personnel  were  previously  prohibited,  again  by  defintlion.  from 
evaluating  Marines  for  assignment  to  the  we'ghi  control  and  military  appearance  programs. 
Nurse  practitioners  and  physician  assistants,  however,  are  fully  qualified  to  evaluate  Marines 
for  these  programs;  their  participation  in  this  nrocess  provides  for  the  most  efficient  use  of  a 
commander's  medical  assets  and  complies  with  the  spirit  and  intent  of  the  basic  order. 

'  ■  AsJJOi! 

a.  Reitio.e  present  pages  .f  and  4,  and  replace  with  corresponding  pages  contained  in 
the  enclosure. 

b.  On  the  letterhead  page,  paragraph  4,  third  line,  delete  the  words  "medical  officer's" 
and  after  the  wi>rd  "responsibility"  insert  "of  the  appropriately  credenlialed  health  care  provid¬ 
er  lACHCPi" 

c  In  enclosure  |4|.  make  the  following  pen  changes: 

I  I  I  On  pages  1.2.4,  and  5,  in  "From"  or  "To"  line  as  appropriate,  change  the  words 
"Medical  Officer  "  to  re.ul  ".Appropriately  ("redenlialed  Health  Care  Provider". 

(2i  (Jn  page  .1,  paragraph  2.  fourth  line,  change  "reference  (b)"  to  read  "reference  lai", 
i  .^i  On  page  ,1.  par.igraph  2.  si,xth  line,  change  "reference  (e)"  to  read  "reference  lb)". 
4.  Sunimarv  of  Chance.  "I'his  Change  establishes  provisions  for  nurse  practitioners  and  physi¬ 
cian  assistants  to  join  medical  officers  as  individuals  authorized  lo  evaluate  Marines  for  as- 
sigiifitenl  to  the  weight  control  and  military  appearance  programs.  This  change  also  corrects 
erroneous  references  in  the  forms  used  to  assign  Marines  to  these  programs, 

'  Change  Notation.  Paragraphs  denoted  by  an  asterisk  (*)  symbol  contain  changes  not  previ¬ 
ously  published. 

6  l  iling  Instructions.  This  Change  transmittal  will  be  tiled  immediately  following  the  signa¬ 
ture  page  of  the  basic  order. 


1  F,.  SISLFY 
Deputy  Chief  of  Staff 
tor  Training 
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Al.  I  KRNA  I  K  MAXIMl  M  WKKJHT  LIMITS  FOR  MAI.K  MARINFS 

I.  I  ho  biHl>  riiiiy  ho  illvulod  bolwoon  two  hasro  compononis.  lal  iismio  ami  loan  woiolil 
iimisolo  aiiol  oihor  parlv  ot  she  body  such  as  bimos),  A  Maniio's  fat  ounlonl  may  bo  oxprossod 
as  a  porooni  id  iho  mial  indiMdaal's  body  weight.  There  are  several  molhods  for  assossmonl  ol 
total  hod>  fat  whieh  vary  from  the  simple  and  inexpensive  (anthropometrie  measurement  i  to 
tile  very  sophistieated  and  extremely  expensive  (polassium-40  seitittllation  eountingi,  Hvdro- 
stalie  weightng  (weighing  a  person  underwater  to  determine  speeifie  gravity  whivh  is  eonvert 
tbie  to  a  relative  pereeiitage  ot  fat)  is  generally  aeeepted  as  the  most  aeeurato  measurement  ot 
body  oomposiiion  Anthropometry  is  a  term  that  applies  to  measurement  of  the  external 
aspects  ot  the  body,  such  as  body  diameters,  eireiiinferenee,  and  skin  fold  thickness  These 
anthropometric  measurements  have  shown  a  high  correlation  with  hydrostatic  weighing  as  an 
accepted  method  to  determine  body  composition 

.Sciemitic  research  has  deinonstraied  that  physical  performance  is  adversely  affected 
by  excess  body  fat.  Trom  a  health  standpoint,  the  carrying  of  excess  body  lal  has  been 
recogni/ed  as  a  significant  risk  factor.  Although  there  are  no  readily  detinahle  percent  fat 
values  for  acceptable  performance,  there  are  ranges  when  it  can  be  said  that  performance  will 
be  helped  or  hampered  by  body  compostuon.  Successful  marathon  runners  average  10  percent 
body  fat.  Research  with  professional  football  players  has  shown  that  backs  and  wide  receivers 
will  usually  be  X  IO  percent  lal,  while  linemen  are  between  10  lb  percent  on  the  average 
Individuals,  generally,  are  considereil  grossly  obese  at  fO  percent  and  above,  while  20  percent 
body  lal  and  above  lor  average  males  is  generally  considered  inappropriate  lor  aclivliy  involv¬ 
ing  strenuous  exertion  The  average  percent  of  body  fat  lor  male  Marines  is  lb..s  percent.  Mie 
.Marine  Corps,  more  than  any  other  military  service,  relies  on  maximum  physical  fitness  of  all 
Its  personnel  -Nccordingly ,  the  maximum  allowable  percent  of  body  fat  for  the  esiahlishmenl 
ot  an  alternate  weight  standard  for  male  .Marines  is  established  at  IX  percent  and  below. 

The  following  chan  is  provided  as  a  field  measurenieni  for  the  estimation  of  percent  of 
body  fat  for  male  Marines.  The  waist  circumference  should  be  taken  al  the  navel  with  the 
Marine  st.in.hng  evenly  on  both  legs.  I'he  waist  should  not  be  sucked  in"  hut  in  a  normal 
relaxed  position.  Ihe  tape  should  not  cut  into  the  skin  but  be  able  to  move  freely.  The  neck 
circumference  should  be  measured  at  a  point  just  below  the  larynx  ladam's  applel.  Measure¬ 
ments  should  he  read  to  the  nearest  one-fourth  inch  for  the  neck  .ind  one  half  inch  for  the 
waist,  f  ind  Ihe  appropriate  waist  measurenieni  of  the  left  side  ol  the  chart  and  the  appropriate 
neck  measurement  along  the  top  ol  the  chan 
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\l  IKRNA  I  K  MWIMl  M  WKKiHT  I.IMITS  FOR  FFMAI.K  MARINKS 

1  111  l''7x.  .1  '!iiil\  v.a-'  ciHuluiteil  i>l  226  women  Marines  Ironi  aees  IH  [o  47  sears  ami 
erailes  ot  prisale  lo  eeneral  liash  Marine  ssas  suh|eeieil  lo  IS  anihroponielne  nieasurenienls 
nislusiinii  skintoki,  girths,  ansi  diameters.  As  with  the  male  siusiy.  each  ssoman  Marine  svas 
hsdrosiaiicalls  sseighed  lo  determine  total  hods  lat  and  lean  body  sseight  With  the  hsdrostat 
Is  sseighiiig  as  the  criteria  method,  a  computet  analysis  ssas  conducted  to  mditate  sshich  single 
sir  combination  ot  measurements  ssoulsl  be  the  best  lielsl  method  lor  determining  percent  body 
tat  ami  lean  bosly  sseight 

2  rills  Studs  established  the  aserage  percent  ot  trody  fat  for  ssomen  Marines  at  2,4  I 
persent-  It  should  he  noted  that  ssomen,  due  to  their  se\  characteristics,  ssill  normally  base  a 
higher  percent  bosis  fat  th.m  males  Research  ssiih  ssomen  athletes  has  shossn  that  the  average 
gsnmasis  are  Ills  percent  lat,  nmners  are  |b  I'*  percent,  and  sssimmers  are  1 ,4- 1‘>  percent  tat 
Women,  geiieralts,  are  consuiered  grossly  isbc'se  at  4tl  percent  ami  above 

t  I  he  inavimuni  allossable  percent  ot  body  lat  for  the  establishment  ot  an  alternate 
sseight  standard  lor  ssomen  Marines  is  established  at  2b  percent  and  below 

4  I  he  tolliiwmg  charts  are  |irosided  as  a  Iteld  measurement  for  the  estimation  of  percent 
of  bods  fat  for  female  Marines  A  Marine  need  only  Imd  her  specific  measurement  m  each  of  the 
lise  girth  columns.  The  point  erdumns  lo  the  left  ot  each  girth  measurcmenl  represent  tal  per¬ 
centage  points,  Adil  the  points  representing  each  girth  measurement,  subtract  from  that  the  con- 
siaiil  correction  factor  1^4  VISi,  and  the  resulting  figure  represents  the  total  percent  body  fat. 
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RKCOMMKNnAIIONS 


AR  40-501 

•  C'lumgc  U)  a  body  tat  siandard.  retaining  weight  tables  only  as  a 
preliminary  screen 

•  Male  '•landards  should  not  exceed  4  percent  body  lat  units  o\er  reten¬ 
tion  tat  stamiards 

•  l  einale  standards  should  be  the  same  ;is  retention  tat  standards 


AR  600-9 

•  t  eniale  standards  should  be  increased  by  2  percent  body  tat  amts  lor 
each  age  category 


M’riM>l\  D 
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TABLK  D-1  Proposed  Changes  to  Body  Fat  Standards 
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Recent  Changes  to  the  U.S.  Army 
Standards  for  Accession 
and  Retention 
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Kxtracts  from  the  Immediate  Action  Interim  (^’hange  referred  to  on  the 
previous  page  that  apply  to  weight  standards: 
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Medical  Services 
Standards  of  Medical  Fitness 

llns  inicrini  v.luini^o  is  novcss.irv  it»  iinplemcni  the  nev^  vvcisiht  standanjs  o| 
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dale  as  outlined  irt  StiPS  (*P  B  me^'-aee  2S!  ^int/  Aue  Subieei:  Maminoeraiiis, 
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TABI.K  2-1  Miliiarv  aeceptable  weight  (in  pounds)  as  related  to  age  and 
height  (or  males  initial  Army  procurement 
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TABLK  2-2  Military  acceptable  weight  (in  pounds)  as  rclaterl  to  age  and 
height  tot  '  'males — initial  Army  procurement 
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